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ABSTRACT 
Purpose: The aim of this study was to determine the effectiveness of flexion-distraction 
therapy (FDT) compared to high frequency Interferential Current (IFC) therapy, as well as 
the combination of both protocols in the treatment of chronic mechanical low back pain with 
associated active erector spinae (ES) trigger points.  
Method: The study comprised of 30 participants between the ages of 18 and 65 years of 
age, who have had a history of low back pain present for more than 12 weeks as well as 
associated active MFTPs of the Iliocostalis lumborum muscle either unilaterally or bilaterally. 
The participants were separated in three groups. Group 1 participants received FDT during 
treatment. Group 2 received high frequency IFC therapy on the iliocostalis lumborum 
muscles that had active MFTPs. Group 3 received FDT as well as high frequency IFC 
therapy on the iliocostalis lumborum muscles that had active MFTPs. Each participant 
received 2 treatments per week during the 3 week trial period. Subjective and objective data 
collection was taken at the start of the trial period, during visit 4 and 7. On the 7th consultation 
only data collection was done, there was no treatment done. Objective measurements were 
performed by a digital inclinometer to measure lumbar range of motion (ROM) and by a 
pressure algometer to measure pain pressure threshold (PPT). Subjective measurements 
were performed by utilising a Visual Analogue Scale (VAS) to measure perceived pain. The 
data was captured and interpreted by the researcher. The results were sent to STATKON to 
be analysed.  
Results: The intra-group analysis of ROM revealed that group 2 had a greater improvement 
in flexion ROM of the lumbar spine and group 3 had a greater improvement in extension 
ROM of the lumbar spine. Inter-group analysis of ROM revealed that group 2 had a greater 
improvement in flexion ROM of the lumbar spine and group 3 had a greater improvement in 
extension ROM of the lumbar spine. The intra-group analysis of pressure algometer readings 
revealed that group 1 had a greater improvement in pain. Inter-group analysis of pressure 
algometer readings revealed that group 1 had a greater improvement in pain. The intra-
group analysis for VAS readings revealed that all 3 groups had an improvement in perceived 
vii 
pain, on inter-group analysis it was revealed that group 3 had a greater improvement in 
perceived pain. 
Conclusion: There was evidence that FDT, high frequency IFC and the combination of both 
treatment protocols all have positive effects on lumbar ROM, PPT and perceived pain. 
Although this study suggests that FDT and high frequency IFC both have positive effects but 
on ROM, PPT and perceived pain, the combination of the two therapies showed a more 
significant improvement for the treatment of mechanical low back pain with associated 
MFTPs of the ES muscle, namely those of the iliocostalis lumborum muscle.   
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CHAPTER ONE - INTRODUCTION 
 
1.1 The Problem statement 
 
Low back pain is one of the most common complaints encountered by the public daily and 
can cause disabling effects in society with regards to expenses and quality of life due its 
persistent and recurrent nature. Active myofascial trigger points (MFTPs) in the iliocostalis 
lumborum muscle are often a cause of low back pain. Bron and Dommerholt (2012) refer to 
MFTPs as exquisitely tender spots in discrete bands of hardened muscle that produce local 
and referred pain, with associated symptoms. Treatment protocols for chronic low back pain 
are varied and commonly involve the use of exercise programs, electrical stimulation 
therapy, mechanical correction and various other modalities. There has been research on 
chiropractic manipulative therapy (CMT) in combination with various modalities on the 
treatment of chronic low back pain, however there is limited research done on the inclusion 
of flexion-distraction therapy (FDT).   
 
1.2   Aim 
  
The aim of this study was to determine the effectiveness of FDT compared to high frequency 
interferential current (IFC) therapy, as well as the combination of both protocols in the 
treatment of chronic mechanical low back pain with associated active erector spinae (ES) 
trigger points.  
 
1.3  Benefits of the Study 
 
This dissertation may contribute more evidence to the knowledge of current chiropractors 
and students about the efficacy of lumbar FDT and high frequency IFC in the treatment of 
chronic mechanical lower back pain and active MFTPs of the ES muscle group, as well as 
to prove whether CMT could produce these beneficial results alone or whether a combination 
of soft tissue treatment and mechanical correction was the most beneficial protocol.  
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1.4      Possible Outcomes and Contributions 
 
Possible outcome of this study may display which of the three treatment protocols have the 
most benefit for the treatment of chronic mechanical low back pain with associated MFTPs 
of the ES muscle, with regards to perceived pain, range of motion (ROM) and the severity of 
active trigger points present.  
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CHAPTER TWO - LITERATURE REVIEW   
 
2.1 Introduction 
Chronic low back pain is defined as pain that has persisted beyond 12 weeks in duration 
(Haldeman and Dagenais, 2012). Chronic low back pain is a complaint encountered by the 
public on a daily occurrence and could have a major impact on lives and society with regards 
to expenses and quality of life. According to research done by Adams (2004), mechanical 
loading of the lumbar spine is the greatest known contributor to low back pain in patients. 
Compression loading acts perpendicular to the vertebral bodies due to gravity and tension 
in the longitudinal muscles of the abdomen and back, mainly the ES muscle group. 
Compression accounts for most of the loading forces applied on the spine (Adams, 2004).  
 
In a healthy individual normal daily movement is limited by the back muscles. However 
repetitive, sustained or sudden overloading and bending movements, such as lifting heavy 
objects with the spine twisted and flexed, or sustained overload in the stooped or hyper 
lordotic posture could result in compromised muscle protection. Thus, leading to activation 
or perpetuation of MFTPs in the paraspinal muscles (Travell and Simons, 2001).  
 
This chapter is a review of literature of this dissertation and contains the theoretical content 
that is related to this study. This chapter will discuss in detail the information regarding FDT, 
high frequency IFC as well as the anatomy and physiology of the lumbar spine and ES 
muscle group.  
 
2.2 Lumbar Spine Anatomy  
The lumbar spine consists of five lumbar vertebrae illustrated in figure 2.1, which are the 
largest vertebrae of the spinal column. The lumbar vertebrae differ from the thoracic 
vertebrae as the body of the lumbar vertebrae is thicker and the superior and inferior surfaces 
are oval rather than heart shaped. The vertebral body consists of dense cortical bone and is 
thinner in the centre and thicker towards the periphery. Each superior and inferior end of the 
vertebral bodies have bony endplates which consist of an internal layer, a bony layer and an 
external layer which is the cartilaginous layer. The lumbar vertebrae could be identified 
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according to the following characteristics: lumbar vertebrae do not have costal facets; 
slender transverse processes which project dorsolaterally; triangular vertebral foramen; 
spinous processes that project dorsally; superior articular facets that face medially and the 
inferior articular facets that face laterally (Martini, Nath and Bartholomew, 2015).  
 
The five lumbar vertebrae bear most of the body’s weight. The large spinous processes 
provide a great surface area for the attachment of skeletal muscle which reinforce and affect 
the lumbar spine lordosis (Martini et al., 2015). 
Figure 2.1: Representation of a typical lumbar vertebrae (Netter, 2014) 
 
2.2.1 The Three-joint Complex 
 
The functional unit, or three-joint complex of the spine, is the smallest component capable 
of performing the characteristic functions of the spine. The three-joint complex, also known 
as the motion segment, consists of two adjacent vertebrae and their associated structures.  
Specifically, the three-joint complex consists of the superior and inferior facet joints as well 
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as the intervertebral disc (IVD), which is located between the two vertebral bodies. The facet 
joints, also known as zygapophyseal joints which are illustrated in figure 2.2, are formed by 
the articulation of the superior facet of the vertebrae below and the inferior facet of the 
vertebrae above. The zygapophyseal joints are classified as complex synovial joints 
orientated in the vertical plane, thus responsible for the direction and control of movement 
between the vertebrae. Additionally, these facet joints are responsible for the loading 
experienced in the lumbar spine, specifically during extension and rotation (Martini et al., 
2015).  
 
Any disturbances in the mechanical function of the zygapophyseal joints, excluding any 
structural changes, is known as joint dysfunction (Bergmann and Peterson, 2011). Facet 
joint dysfunction could be represented by either an increase (hypermobility) or a decrease 
(hypomobility) in ROM. This biomechanical dysfunction may also have an effect on the 
surrounding structures, thus associated with severe myofascial pain or muscle spasms, 
which is further illustrated in figure 2.10 (p. 21). Research by Hanrahan, Van Lunen, 
Tamburello and Walker (2005) indicates that mechanical dysfunction that results in tissue 
damage and inflammation could increase the sensitization of surrounding nerve fibres, thus 
leading to contraction of the surrounding paraspinal muscles. This sensitization is known to 
result in persistent spinal pain through an increase in muscle activity and therefore and 
increase in muscle spasm (Hanrahan et al., 2005).  
 
Each facet joint is covered posteriorly by an articular capsule and anteromedially by the 
ligamentum flavum. The thick outer fibrous layer of the capsule consists of collagen fibres, 
which differs from the inner layer which consists of a synovial membrane. There is an 
additional layer, the central vascular layer, comprised of areolar and loose connective tissue. 
The articular capsule is well vascularized and rich in sensory innervation, thus having the 
potential to cause pain (Cramer and Darby, 2014). 
 
Each capsule is attached to the outer margins of the opposing superior and inferior facets 
above and below, and it’s thin and loose attachment offers a degree of stability during 
movement rather than limitation of movement. The facet joints are innervated by articular 
branches that arise from the medial branches of the dorsal rami of spinal nerves (Moore, 
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Dalley, and Agur, 2014).  In this study, focus was on the facet joints as it is these joints that, 
during FDT, movement occurs.  
 
Figure 2.2: Spinal motion segment composed of two vertebrae and contiguous soft 
tissues: intrinsic ligaments (A) and the posterior joint and joint capsule (B) 
(Bergmann and Peterson, 2011) 
 
2.2.2 The IVD 
 
The IVDs are found between two adjacent vertebral bodies and thus connect the adjacent 
articulating surfaces of the vertebrae (Figure 2.3). These strong attachments between the 
vertebral bodies unite them into a continuous semirigid column as well as forming the inferior 
half of the anterior border of the intervertebral foramen. In addition to allowing movement 
between adjacent vertebrae, the resilient deformability allows the IVD to serve as shock 
absorbers (Moore et al., 2014).  
 
Each IVD comprises of an outer fibrocartilaginous part, the annulus fibrosis, and an inner 
gelatinous centre, the nucleus pulposus. The annulus fibrosis is a bulging fibrous ring 
composed of concentric lamellae of fibrous cartilage that forms the circumference of the IVD. 
The fibres that form each lamella run obliquely at approximately 30 degrees from vertical 
between each adjacent vertebra. The fibres of adjacent lamella cross each other obliquely 
at angles of more than 60 degrees in opposite directions. The orientation of these fibres 
provides a strong bond while permitting limited rotation between adjacent vertebrae. The 
annulus is thinner posteriorly in the lumbar spine, contributing to the lumbar lordosis noted 
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in a healthy spine. The outer third of the annulus receives sensory innervation and the 
vascular supply of the annulus decreases centrally. The nucleus pulposus is the central 
part of the IVD. This core is responsible for the flexibility and resilience of the IVD and thus 
the vertebral column, due to its semifluid nature. The nucleus pulposus is avascular and 
therefore relies on diffusion from blood vessels at the periphery of the annulus fibrosis and 
the vertebral body for nutrition (Moore et al., 2014).  
 
Injury or disease of the IVD could be a primary source of low back pain. However, due to its 
anatomical position it may also lead to muscle weakness, radiculopathy or radicular pain due 
to compression of respective exiting spinal nerves (Cramer and Darby, 2014). 
 
Figure 2.3: An Intervertebral Disc. (A) nucleus pulposus and annulus fibrosis. (B) 
Orientation of annular fibres (Bergmann and Peterson, 2011) 
 
2.2.3 Ligaments of the lumbar spine 
 
The anterior longitudinal ligament (ALL) is a wide and strong fibrous band that connects 
and covers the anterolateral aspects of the vertebral bodies and IVDs (Moore et al., 2014). 
The ALL extends from the pelvic surface of the sacrum and the sacroiliac joint capsule to 
the anterior tubercle of C1 and the occipital bone anterior to the foramen magnum. There 
are firm attachments to the periosteal sheath of the vertebral bodies as well as the IVDs 
(Middleditch and Oliver, 2005). The ALL also covers the lateral aspect of the vertebral bodies 
although the anterior portion of this ligament is the thickest. The ALL prevents 
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hyperextension of the vertebral column thus maintains stability of the joints between the 
vertebral bodies (Moore et al., 2014). The ALL is most vulnerable to injury in lumbar spine 
rotation (Middleditch and Oliver, 2005). 
 
A narrower and much weaker posterior longitudinal ligament (PLL) extends along the 
posterior aspects of the vertebral bodies (Bogduk, 2005), which was illustrated in figure 2.4. 
The PLL is weaker than the ALL and differs in attachment site strength. The PLL is firmly 
attached to the posterior aspects of each IVD and loosely so to the posterior aspects of the 
vertebral bodies, while the ALL has a loose attachment to the IVD, which is allows for the 
formation of osteophytes on the anterior aspect of the vertebral column (Stapleton and Kuri, 
2002). The PLL is responsible for prevention or redirection of posterior herniations of the 
nucleus pulposus as well as weak resistance to hyperflexion of the vertebral column by 
preventing posterior aspects of the vertebral bodies from separating (Bogduk, 2005). This 
ligament is rich in nociceptive nerve endings and thus is often a source of low back pain 
(Moore et al., 2014). 
 
The ligamentum flavum is a broad, pale yellow band of elastic tissue (Moore et al., 2014), 
that extends between the posterior parts of the vertebral arches dorsally to the articular 
processes (Schutze, 2009). The vertical orientation of the the ligamenta flava, which join the 
laminae of adjacent vertebral arches bilaterally, form alternating sections of the posterior wall 
of the vertebral canal. This pattern is illustrated in figure 2.4. It is therefore a paired structure 
which is symmetrical on either side of the vertebrae (Bogduk, 2005). The ligamenta flava, 
which are thickest in the lumbar region, resist separation of the adjacent lamina by limiting 
abrupt flexion of the vertebral column thus, also protecting the IVD from injury. Additionally, 
the ligamenta flava assist in preservation of the normal lumbar lordosis as well as 
straightening of the column following flexion (Moore et al., 2014).  
 
The ligamentum flavum differs from other ligaments of the lumbar spine histologically, as it 
is composed of approximately 80% elastin fibres and 20% collagen. Thus, making the 
ligamentum flavum an elastic ligament, which assists in extending the lumbar spine from the 
flexed position. The elastic properties also assist in avoiding impingement of the anterior 
capsule between the facet joints during movement (Bogduk, 2005). 
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Interspinous ligaments are weak membranous ligaments that join adjacent spinous 
process, attaching from the root to the apex of each spinous process (Moore et al., 2014). 
The fibres of the interspinous ligaments run in an oblique direction from the anterior aspect 
of the spinous process below to the posterior aspect of the spinous process above. The 
interspinous ligaments are responsible for control of vertebral rotation throughout flexion 
ROM. This action therefore keeps the facet joints in contact as they glide during rotation of 
the lumbar spine. This oblique orientation of the fibres also prevents posterior shearing of 
the superior vertebra on the vertebra inferiorly (McGill, 2015). 
 
The strong fibrous supraspinous ligaments which are cord-like bands, connect the tips of 
the spinous processes (Moore et al., 2014), extending from the cervical spine to the lumbar 
spine where it attaches between L4 and L5 (Middleditch and Oliver, 2005). The supraspinous 
ligament differs from the interspinous ligaments as the fibres run parallel to the axis of 
compression of the spine (McGill, 2015). The deeper layer of the supraspinous ligament 
receives tendinous fibres from the multifidus muscle, whereas the superficial layer receives 
fibres from the longissimus thoracis muscle (Bogduk, 2005).  
 
The intertransverse ligaments, connecting the adjacent transverse processes, are thin and 
membranous in the lumbar region (Moore et al., 2014). 
Figure 2.4: Vertebral Ligaments of the Lumbar Spine (Netter, 2014) 
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2.2.4 Innervation of the lumbar spine  
 
Articular neurology of the lumbar spine plays a vital role in providing information with regards 
to the nature of joint pain, specifically the location of the perceived pain, and therefore the 
role of manipulative/mobilisation procedures performed by chiropractors in treating disorders 
relating to joint pain. The disc, joint capsule and ligaments in the lumbar spine have an 
abundant amount of neuroreceptors that monitor sensory and proprioceptive information 
required for coordination and control of motor functions of the lumbar spine. Therefore, the 
neuroreceptors are that on which chiropractors aim to have an effect (Bergmann and 
Peterson, 2011). 
 
Synovial joints, namely the facet joints, of the lumbar spine are innervated by four types of 
neuroreceptors. Each of these receptors differ in size and conduction velocity however, all 
are derived from the dorsal and ventral rami, as well as the recurrent meningeal/sinuvertebral 
nerve of each segmental spinal nerve (figure 2.5). They are known as the finely myelinated 
A-delta fibres, the small unmyelinated C fibres and the large myelinated A-beta fibres 
(Bergmann and Peterson, 2011). 
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Figure 2.5: Innervation of the outer fibres of the IVD and facet joint capsule by the 
sinuvertebral nerve. A, Oblique Posterior view. B, Superior view (Bergmann and 
Peterson, 2011) 
 
a. Types of neuroreceptors 
 
Type I receptors are found only in the outer layers of the joint capsule and are stimulated 
by active or passive joint motions. Firing rate of these type I mechanoreceptors are inhibited 
with joint end approximation. These receptors have a low threshold, therefore they are highly 
sensitive to movement and they fire continuously, with or without joint motion (Cox, 2011). 
These fibres are active in longer lasting movements and are mainly active during erect 
posture (Bergmann and Peterson, 2011). 
 
Type II mechanoreceptors are located within the deeper layers of the joint capsule. These 
are also low threshold fibres and are therefore stimulated by slight changes in tension within 
the inner joint capsule. Type II receptors differ from type I as they are fast adapting and 
quickly cease firing when the joint is static. Therefore, type II receptors are completely 
inactive in immobilized joints (Cox, 2011). 
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Type III receptors, also known to be mechanoreceptors, are located within the extrinsic and 
intrinsic ligaments of the peripheral joints and are identified as being very slow adapters. 
These fibres are known to monitor direction of movement and recognize potentially harmful 
movements (Bergmann and Peterson, 2011). 
 
Type IV receptors consist of a bundle of free nerve endings and unmyelinated fibres and 
are therefore known as nociceptors. These receptors are responsible for perception of pain 
as well as other sensations, such as itch and tickle. These nociceptors could be found 
throughout the fibrous portion of the joint capsule and ligaments but are absent in the 
articular cartilage and synovial linings. These receptors have a very high threshold and are 
therefore completely inactive in a physiological joint. This nociceptive system is activated by 
change in joint capsule pressure, narrowing of the IVD, chemical irritation and acute/chronic 
inflammation which would cause interstitial oedema (Bergmann and Peterson, 2011).  
 
2.3 Biomechanics of the lumbar spine  
 
The ROM of the vertebral column varies according to the region and the individual. The 
lumbar spine is significantly more flexible in flexion and extension than rotation and lateral 
flexion. Approximately 75% of trunk flexion and extension occurs in the lumbar spine, with 
approximately twice as much flexion occurring than extension (Bergmann and Peterson, 
2011). The ROM in the vertebral column is primarily due to the compressibility and elasticity 
of the IVDs.  Movement between adjacent vertebrae occur at the nucleus pulposus which 
therefore acts as the axis of motion for the vertebral column and at the facet joints (Moore et 
al., 2014).  
 
The posterior facet joints are responsible for directing the movements in the lumbar spine 
and allow for marked flexion and extension as a result of their sagittal orientation. However, 
the interlocking articular processes restrict rotation, thus rotation is achieved only by the 
shearing force (Magee, 2008).  Table 2.1 refers to the global ROM of the lumbar spine 
(Magee, 2008).  
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Table 2.1: Normal ROM of the lumbar spine (Magee, 2008). 
Range of Motion Degrees (°) 
Forward flexion 40-60 
Extension 20-35 
Lateral Flexion 15-20 
Rotation 3-18 
 
 
Figure 2.6: Range of motion of the lumbar spine. (A) Sagittal plane of movement of 
flexion. (B) Coronal plane of movement of lateral flexion. (C) Transverse plane 
movement of axial rotation (Bergmann and Peterson, 2011) 
 
 
2.3.1 Flexion of the lumbar spine. 
 
During lumbar spine flexion, the vertebrae tilt and slide anteriorly and the inferior facets move 
superiorly and away from the vertebra below. Therefore, flexion is a coupled movement 
consisting of forward-tilting and forward translation (Bogduk, 2005). In the standing position, 
forward flexion should move the lumbar spine from the physiological lordotic curvature to a 
straight or slightly flexed curvature (Magee, 2008). During forward flexion, the IVD is 
compressed anteriorly and stretched posteriorly. Flexion in the lumbar spine is controlled 
largely by the ES muscles, although it is initiated by concentric contraction of the iliopsoas 
and abdominal muscles. The abdominal muscles flex the spine when the pelvis is fixed and 
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the iliopsoas flexes the spine when the femur is fixed. Lumbar spine flexion is limited by the 
ligamentum flavum, PLL, the posterior aspect of the joint capsule and the interspinous 
ligament (Bergmann and Peterson, 2011).  ROM increases from superior to inferior, with the 
greatest amount of motion occurring between L4/L5 and L5/S1 vertebrae (Magee, 2008), 
however each individual vertebral segments’ ROM adds to the global ROM of the lumbar 
spine (Carnes and Vizniak, 2010).  
 
2.3.2 Extension of the lumbar spine 
 
During extension of the lumbar spine, there is approximation of the facets and the ALL and 
the anterior part of the joint capsule as well as the anterior part of the IVD are stretched. This 
is illustrated in figure 2.7. The posterior IVD is compressed (Bergmann and Peterson, 2011). 
The spinous processes approximate each other and narrowing of the intervertebral foramen 
occurs (Levangie and Norkin, 2005). Extension of the lumbar spine is initiated by concentric 
contraction of the ES muscles and after initiation, extension is controlled by gravity and 
eccentric contraction of the abdominal muscles. Extension is limited by the ALL, anterior 
aspect of the annulus and most significantly by the bony impact of the spinous processes 
and articular facet joints (Bergmann and Peterson, 2011). 
 
 
 
 
 
 
 
 
Figure 2.7: Flexion (left) and Extension (right) movements of a lumbar segment 
(Bergmann and Peterson, 2011). 
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2.3.3 Lateral flexion of the lumbar spine 
 
During lateral flexion of the lumbar spine, the vertebrae tilt and slide towards the concave 
side, resulting in formation of a smooth and continuous arc. In the lumbar spine, lateral 
flexion is coupled with opposite-side rotation which results in a pattern in which the spinous 
processes point in the same direction as the lateral flexion, as could be identified in figure 
2.8. There is approximation of the facets on the concave side and separation on the convex 
side. The IVD is compressed on the concave side and therefore stretched on the convex 
side. There is also stretching of the ligamentum flavum, intertransverse ligament and 
capsular ligaments on the convex side (Bergmann and Peterson, 2011).   
 
Lumbar spine lateral flexion is initiated by concentric contraction of the quadratus lumborum 
muscle on the ipsilateral side and controlled by eccentric contraction of the contralateral 
quadratus lumborum muscle. Lateral flexion is limited by bony impact of the articular facet 
joints on the ipsilateral side and the capsular ligaments, ligamentum flavum, intertransverse 
ligament and the deep fascia of the lumbar spine on the contralateral side (Bergmann and 
Peterson, 2011).   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8: Coupling pattern of lateral flexion with contralateral 
rotation in the lumbar spine (Bergmann and Peterson, 2011) 
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2.3.4 Rotation of the lumbar spine 
 
During rotation of the lumbar spine, the facet joints glide apart on the side of rotation and 
approximate on the side opposite to rotation. Rotation consists of a coupled motion of lateral 
flexion and slight rotation in the sagittal plane. The coupled movement varies between upper 
and lower lumbar segments. Rotation in the first three lumbar segments, L1 to L3, is coupled 
with opposite-side lateral flexion and the lower two segments, L4 and L5, are coupled with 
same-side lateral flexion. Rotation in the lumbar spine is initiated by concentric contraction 
of the ipsilateral abdominal muscles specifically the obliques and they receive assistance 
from the multifidus and rotatores on the contralateral side. Bony restraint due to the 
orientation of the facet joint provides limitation to rotation of the lumbar spine, however 
rotation is further limited by the capsular ligaments, interspinous ligaments and the 
ligamentum flavum (Bergmann and Peterson, 2011). 
 
2.4 ES Muscle Group  
 
2.4.1 Anatomy  
 
The ES muscles form the intermediate layer of intrinsic back muscles. This paraspinal 
muscle is divided into three columns: The iliocostalis forms the lateral column, the 
longissimus forms the intermediate column and the spinalis forms the medial column. Each 
column can be divided regionally into three parts according to their respective superior 
attachments. The three columns have a common origin inferiorly through a broad tendon 
that attaches to the posterior part of the iliac crest, the posterior aspect of the sacrum, the 
sacro-iliac ligaments and the sacral and inferior lumbar spinous processes (Moore et al., 
2014).  
 
Iliocostalis has three parts: lumborum, thoracis and cervicis. These fibres run superiorly to 
attach at their respective distal attachments: iliocostalis thoracis attaches to the angles of all 
12 ribs and becomes continuous with the iliocostalis cervicis at a level above to the 
transverse process of C7. The iliocostalis lumborum extends from the posterior aspect of the 
sacrum to the angles of the lower six ribs (Travell and Simons, 2001). 
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Longissimus has three parts: thoracis, cervicis and capitis. The longissimus thoracis has the 
longest fibres of the ES muscles. It extends superiorly from the lumbar transverse processes 
and the anterior layer of the lumbocostal aponeurosis to attach to the transverse processes 
of T1 to T12 and to the adjacent first to the 9th/10th ribs. Inferiorly, it blends with the iliocostalis 
lumborum and spinalis muscles (Travell and Simons, 2001). The longissimus cervicis 
attaches superior to the transverse processes of the cervical vertebra and the longissimus 
capitis to the mastoid process of the temporal bone (Adams, Bogduk, Burton and Dolan, 
2012). 
 
Spinalis has three parts: thoracis, cervicis and capitis. These fibres form the medial column 
of the erector spinae muscle. Fibres extend superiorly to attach to the spinous processes of 
the upper thoracic spine and to the cranium. The spinalis is usually small and has not been 
identified separately as a source of myofascial pain (Adams et al., 2012). 
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Figure 2.9: Attachments of the two most important of the superficial (erector spinae) 
paraspinal muscles (Travell & Simons, 2001) 
 
The ES muscle is supplied by branches of the posterior rami of spinal nerves. Each posterior 
primary division has a medial and a lateral branch. The lateral branch innervates the ES 
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muscles by running obliquely in a lateral-caudal-dorsal direction. It may traverse one or two 
vertebrae before terminating in muscle fibres (Travell and Simons, 2001).   
 
2.4.2 Biomechanics of the ES Muscle Group 
 
The main function of the ES muscle group, when acting bilaterally, is to extend the vertebral 
column and the head as well as control movement via eccentric contraction when the 
vertebral column is flexed. Acting unilaterally, the main components of the ES muscles, the 
longissimus and iliocostalis, laterally flex and rotate the vertebral column to the same side. 
However, their contribution to rotation is minimal (Moore et al., 2014). 
 
2.5 MFTPs  
 
2.5.1 Definition  
 
Bron and Dommerholt (2012) refer to MFTPs as exquisitely tender spots in discrete bands 
of hardened muscle that produce local and referred pain, with associated symptoms. MFTPs 
are classified into either active trigger points or latent trigger points. Active trigger points 
produce the characteristic local and referred pain and are associated with a specific referral 
pain. Latent trigger points are hyperirritable areas within a taut band of muscle that produce 
clinical signs such as a local twitch response and tenderness, as well as referred pain only 
on manual palpation (Perreault, Dunning and Butts, 2017).  
 
In the lumbar region, these trigger points may be activated by sudden overload such as 
trauma, or by sustained or repetitive muscular contraction over an extended period of time, 
resulting in repetitive microtrauma. Specifically, trigger points within the iliocostalis muscle 
may be activated following a quick irregular movement that involves flexion and rotation of 
the vertebral column, even without additional loading involved. Additionally, disproportionate 
loading of one group of muscle fibres due to poor coordination may also result in activation 
of iliocostalis trigger points. Activation of these MFTPs has the ability to decrease normal 
ROM and cause myofascial pain (Travell and Simons, 2001).  
 
20 
 
2.5.2 Pathophysiology of a MFTP/Myofascial pain 
 
Figure 2.10 illustrates that muscle strain and persistent muscle hypotonicity could be 
triggered or aggravated by many different factors. These factors which include repetitive use, 
chronic postural stress, immobility and emotional tension to name a few, would cause pain 
and act as additional sources of restricted joint mobility of an existing fixated joint in a 
participant presenting with joint dysfunction (Bergmann and Peterson, 2011).   
 
Regardless of the triggering factor, an inflammatory response within the particular muscle is 
perpetuated. This results in oedema and vasoconstriction leading to ischemia which in turn 
results in the build-up of metabolites within that muscle. These retained metabolites form the 
MFTPs that are characteristic to each muscle group. Figure 2.11 illustrates how the cycle 
would self-perpetuate if there is no intervention of treatment. Flexion distraction and IFC may 
be effective in interrupting this cycle (Bergmann and Peterson, 2011).   
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Figure 2.10: The myofascial cycle triggered by many sources leading to MFTP 
formation (Bergmann and Peterson, 2011) 
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Figure 2.11: Illustration of the self-perpetuating cycle  
without treatment (Bergmann and Peterson, 2011) 
 
2.5.3 MFTPs of the Iliocostalis Lumborum muscle  
 
MFTPs are found throughout the ES muscle group, most likely the longissimus thoracis and 
the iliocostalis thoracic. The iliocostalis thoracis refers pain both cephalad and caudally 
whereas the iliocostalis lumborum and the longissimus thoracis refer pain mainly caudally. 
This study focused on the MFTP of iliocostalis lumborum muscles which are commonly found 
below the 12th rib at the upper lumbar level (figure 2.12). The iliocostalis lumborum MFTP 
refers pain strongly inferiorly concentrating on the midbuttock and is frequently a source of 
unilateral posterior hip pain (Travell and Simons, 2001). 
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Figure 2.12: Referred pain patterns with their corresponding trigger points, at 
several levels in the erector spinae muscles (Travell and Simons, 2001) 
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2.6 Treatment Techniques 
 
2.6.1 FDT (Cox-method) 
 
FDT is a popular form of conservative chiropractic manipulative therapy that combines two 
biomechanical models, flexion and axial distraction, in the treatment of lumbar spine pain 
(Cox, 2011). The procedure is performed using a combination of manual forces (short-lever) 
applied to the posterior aspects of the vertebrae as well as mechanical axial distraction (long-
lever). Additional movement in any of the coronal planes may be included.  According to 
Bergmann and Peterson (2011), the term traction refers to the process of pulling one body 
in relationship to another, thus resulting in separation of the two bodies. Traction is therefore 
a passive translational movement of a joint.  The term traction and distraction may be used 
interchangeably as they both have the same effect on the tissues and structures they are 
acting on. However, traction refers to an unassisted multilevel traction force applied to the 
spine (Haldeman, 2005) whereas distraction is described by Cox (2011), as a doctor-
assisted traction force applied to a specific level of the spine. This form of spinal manipulative 
therapy has numerous effects on the IVDs, posterior facet joints and the osseo-ligamentous 
canals of the vertebral column (Cox, 2011). 
 
The zygapophyseal joints and the IVDs, specifically in the lumbar spine, play a significant 
role in weight-bearing, depending on the position of the spine during loading. The 
zygapophyseal joints bear a large percentage of the load while the spine is in an extended 
position. These joints are supported and stabilized by the ligamentous structures and joint 
capsule, thus these supporting structures are also responsible for bearing this load in the 
lumbar spine (Bergmann and Peterson, 2011). These compressive forces between 
articulating joint surfaces could result in joint dysfunction and furthermore pain (Cox, 2011).  
 
Although FDT of the lumbar spine is most often used as a treatment procedure for lumbar 
disc herniations, many lumbar spine disorders have been successfully treated with FDT, 
namely spondylolisthesis, lumbar facet dysfunction, scoliosis of non-surgical nature and joint 
restriction (Bergmann and Peterson, 2011). This is mainly due to its ability to reduce pain 
and cause separation between the articular surfaces in the vertebral column (Cox, 2011).  
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According to Gay, Bronfort and Evans (2005), distraction combined with flexion results in 
temporary decompression of the lumbar IVDs as well as the facet joints. This joint separation 
of the vertebrae and facet joints therefore relieves pressure and contact forces present on 
the tissues between the vertebrae, resulting in pain relief and subsequent increase in normal 
ROM. Lumbar distraction could also reduce chronic muscle spasm and increase peripheral 
circulation (Borman, Keskin and Bodur, 2003).   
 
Kaltenborn (2011) graded traction according to the three effects it produces. The first effect 
produced involves no joint separation because only a sufficient traction force is applied to 
eliminate the compressive forces acting on the joint. These compressive forces are a result 
of muscle tension, cohesive forces between articulating surfaces as well as atmospheric 
pressure. The second effect produces tightening of the ligamentous and soft tissue 
structures surrounding the joint, referred to as ‘’taking up the slack’’ by Bergmann and 
Peterson (2011). The third grade of traction requires the most amount of traction force to 
produce a stretching effect of the tissues crossing the joint (Bergmann and Peterson, 2011).   
 
a. Benefits of FDT 
 
FDT has the following therapeutic effects (Bergmann and Peterson, 2011) and (Cox, 2011): 
• Increase in posterior disc space and vertical height of the disc, thus removal of 
pressure of the posterior aspect of the annulus fibrosis. 
• Restoration of vertebral joints to their physiologic relationships of motion. 
• Improvement of posture and locomotion. 
• Stretching of paraspinal muscles and posterior ligamentous structures, particularly 
ligamentum flavum, thus reducing muscle spasm. 
• Flexion increases metabolite transport into the disc and muscles, thus restoring 
normal tissue-fluid exchange, soft tissue elasticity and further reduction of muscle 
spasm. 
• Relief of pain due to inhibitory effects on afferent neuron impulses producing pain. 
• Modification of the abnormal patterns of afferent impulses received from joint 
mechanoreceptors. 
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• Reduction in compressive forces between articulating joint surfaces, specifically of 
the zygapophyseal joints. 
 
b. Complications of FDT 
 
Cox (2011) emphasizes the importance of testing patient tolerance to FDT prior to the 
distraction procedure in order to identify whether the procedure will cause pain. Furthermore, 
if the tolerance procedure causes pain, treatment should focus on relieving the pain before 
FDT could commence. Any intolerance identified during the tolerance procedure should be 
viewed and treated with caution, however, this does not serve as a complete contraindication 
to FDT (Bergmann and Peterson, 2011).  
 
Certain contraindications exist for the use of FDT and they include: fracture, dislocation, 
neoplasm, infection, metastatic diseases, hard or progressive neurologic signs indicative of 
significant nerve root irritation, diabetes, vascular/systemic disease,  acute sprain/strain, 
aortic aneurysm, thus leaving those conditions with probable mechanical cause of pain for 
treatment with FDT (Cox, 2011).  
 
Gay et al., (2005) discuss that the safety protocol of FDT should be the same or safer than 
that of a side-posture chiropractic manipulation, as FDT does not involve a forceful rotary 
component. Thus, the most severe complication which may occur is cauda equina 
syndrome. Post-treatment, reversible stiffness is frequently observed in patients receiving 
mobilization therapy, namely FDT (Bergmann and Peterson, 2011).  
 
c. Research on FDT 
 
Research suggests that FDT is an effective therapy in low back pain management. A study 
done by Martinez, Vera, Amat, Contreras and Vega (2019) was performed to determine the 
short-term effects of FDT in comparison with a high-velocity low back spinal manipulation 
protocol on patients suffering from chronic low back pain. This was a randomized controlled 
trial that consisted of 150 participants with chronic low back pain. The participants receiving 
FDT had greater improvements in pain and function than the participants receiving spinal 
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manipulation. Research and evidence suggests that FDT, considered a mobilization 
technique, is effectively used in treating joints with hypomobility as well as for reducing 
stricture of paraspinal ligaments and musculature (Choi, Hwangbo, Park and Lee, 2014). 
The study done by Choi et al. (2014) which included patients that had chronic low back pain 
that received FDT, showed that FDT was effective in stimulation of mechanoreceptors, 
increasing intervertebral foramen diameter, increasing blood flow and widening of 
zygapophyseal joint spaces, thus leading to pain reduction and increased ROM. 
 
2.6.2 IFC  
 
IFC is a form of electrotherapy which has showed to be effective in the improvement of pain 
and muscle spasm associated with lumbar spine conditions (Cox, 2011). IFC is created by 
crossing 2 medium-frequency alternating currents (two channels) of slightly different 
frequencies. One channel has a set frequency, namely the carrier frequency and the second 
channel has an adjustable frequency which produces a beat frequency. The beat frequency 
is the difference between the two frequencies (Knight and Draper, 2008). 
 
High frequency IFC primarily stimulates the motor nerves. Stimulation of the motor nervous 
system has a wide variety of therapeutic uses which range from muscle relaxation to muscle 
contraction (Low and Reed, 2000).   
 
a. The Physiology of High Frequency IFC 
 
According to Cox (2011), a high frequency setting of 80-150 Hz assists with decreasing 
muscle spasm as well as pain control. High frequency IFC will activate the spinal gate 
mechanism of pain control, thus inhibiting the transmission of noxious stimuli. The ‘pain gate’ 
theory states that there is competition between large-diameter myelinated afferent nerves 
that carry afferent impulses from cutaneous receptors and the small-diameter unmyelinated 
sensory fibres that carry pain signals. These fibres compete for access to the central 
ascending sensory tracts in the dorsal horn of the spinal cord. Activity in the large fibres 
during high frequency IFC treatment overrides the activity of the small fibres, thus ‘closing 
the gate’ of entry for noxious stimuli and therefore preventing these stimuli from reaching a 
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conscious level (Mendell, 2014). Pain is further reduced as this motor stimulation increases 
the circulation of body fluids, thus promoting removal of pain-inducing substances from the 
area of treatment. Pain control is further achieved through the opiate release of enkephalins 
(Cox, 2011).  
 
During electrical stimulation with high frequency IFC, the muscle could either be 
overstimulated, thus resulting in muscle fatigue or the frequency of the muscle contraction 
is overridden using the electric pulse, thus resulting in a lower firing rate of the muscle. Both 
muscle fatigue and a lower firing rate that decreases muscle spasm and tightness, thus 
decrease pain. The recommended treatment time in order to achieve pain control is 10 to 30 
minutes (Cox, 2011). 
 
Two channels and four electrodes (four-pole method) are frequently utilized to accomplish 
the superimposition of the two currents, creating a point of intersection within the tissue. 
Therefore, the two channels should be placed in a manner that ensures the point of 
intersection occurs over the desired target area, such as the active iliocostalis lumborum 
MFTP to be treated during this study (Cox, 2011).   
 
b. Complications involved in High Frequency IFC 
 
Certain contraindications exists for the use of IFC and they include acute inflammation, 
presence of fever or infection, open wounds/skin lesions, persons with implanted stimulators 
such as cardiac pacemakers and defibrillators, over carotid sinuses and desensitized areas, 
thrombophlebitis or thrombosis, malignancies, over the abdomen during pregnancy, across 
the transthoracic area, the presence of pain of unknown or central origin, patient with a 
history of seizures, uncontrolled hypotension or hypertension (Cox, 2011; Martin and Palmer, 
2002; Low and Reed, 2000). 
  
There are few complications that may occur with improper IFC treatment such as skin burns 
or irritation (Cox, 2011). 
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c. Research on IFC Therapy
Research and evidence suggests that there are various theoretical physiological 
mechanisms that support the analgesic effects of electrotherapy such as IFC. These 
mechanisms include activation of the ‘spinal gate control mechanism’, increased circulation, 
suppression of the descending pain columns, nerve conduction blockage and the placebo 
effect (Fuentes, Olivo, Magee and Gross, 2010). A comparative clinical pilot study was 
performed to assess the effects of treating low back pain using various electrotherapies. The 
study focussed on the influence of each electrotherapy on reduction of pain, improvement in 
ROM of the lumbar spine and improvement of motor function. The participants that received 
IFC were seen to have a more significant and more efficient elimination of pain and an overall 
improvement in functional ability when compared to transcutaneous electrical nerve 
stimulation (TENS) therapy. These results were noted on the basis of both subjective and 
objective data analysis (Rajfur, Pasternok, Rajfur, Walewicz, Fras, Bolach, Dymarek, 
Rosinczuk, Halski and Taradaj, 2017).  
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CHAPTER THREE - METHODOLOGY 
 
3.1 Introduction 
 
The details of the research undertaken are described and further explained in this chapter. 
This includes a detailed description of the study design, treatment approach and the 
interventions utilised. The objective and subjective data collection, as well as the data 
analyses are then further described.  
 
3.2 Study Design  
 
The study was a quantitative comparative study that utilised specific sampling and random 
group allocation. This was the selected design for this study as the aim was to compare 
various treatment plans in the management of patients with chronic low back pain. 
 
3.2.1 Participant Recruitment 
 
Participants were recruited using purposive and snowball sampling techniques. They were 
informed of the study by means of word of mouth and advertisements (Appendix A) which 
were placed within the University of Johannesburg Doornfontein campus. Additionally, 
participants that presented to the UJ Chiropractic clinic that met the inclusion criteria and 
were willing to partake in the research were recruited to participate in this study.  
 
3.2.2 Sample selection and size 
 
The study population consisted of participants both male and female between the ages of 
18 and 65, that presented with mechanical low back pain that had been present for more 
than 12 weeks. The participants must have had associated active trigger points of the 
iliocostalis lumborum muscle either unilaterally or bilaterally.   
 
Once the inclusion criteria were met, participants were randomly allocated into 1 of the 3 
sample groups consisting of 10 participants each. Participant allocation to each group was 
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determined by drawing a number from a box. The box contained 30 pieces of paper of which 
10 were labelled with the number 1, 10 were labelled with the number 2 and 10 were labelled 
with the number 3 (representing the group numbers). The number that the participant drew 
from the box was the group that they were allocated to. 
 
Explanation of the treatment protocols, data collection procedures as well as the results were 
given to each participant. Each participant also read an information form (Appendix B) and 
signed a consent form (Appendix C) after all relevant questions had been answered by the 
researcher.  
 
3.2.3 Inclusion criteria 
To participate in this study, the participant had to have met the following criteria:  
• Males and females. 
• Aged between 18 and 65 years to exclude any degeneration of the musculoskeletal 
system. According to Loeser (2010), the prevalence of degeneration increases with 
age with 30-50% of adults older than 65 years show radiographic evidence of 
degeneration. Degeneration may pose a possible change in expected normal 
biomechanics. 
• History of chronic low back pain: symptoms which persisted beyond 3 months in 
duration (Haldeman and Dagenais, 2012) with associated active trigger points of the 
Iliocostalis lumborum muscles, that may be unilateral or bilateral on presentation 
and causing local or referred pain along the characteristic referral pattern discussed 
in Chapter 2.5.3 and figure 2.12. These trigger points will be diagnosed by flat 
palpation performed by the examiner. The palpation of a trigger point within a taut 
palpable band would elicit tenderness, within the iliocostalis lumborum muscle 
(Dommerholt, Bron and Franssen, 2006). 
• Present with any of the following criteria associated with joint dysfunction in one or 
more joints of the lumbar spine (Bergmann and Peterson, 2011): 
o Facet joint dysfunction determined by the examiner using motion palpation, 
indicated by a decreased ROM. 
o Altered end feel on motion palpation. 
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• Understanding of the information form (Appendix B) and signing the consent form 
(Appendix C). 
 
3.2.4 Exclusion criteria 
 
• Participants that present with acute or sub-acute lower back pain (pain present for 
less than 12 weeks). 
• Participants that present with any of the listed contra-indications (Appendix D) to 
IFC or FDT. 
• Participants that present with chronic lower back pain in the absence of active trigger 
points of the iliocostalis lumborum muscle or mechanical joint dysfunction. 
• Participants that have received treatment by any other healthcare professional for 
the chronic lower back pain in the prior 3 weeks.  
• Participants may not receive any other forms of treatment that may interfere with the 
results of the study, including manual therapy such as massage, physiotherapy and 
medications such as analgesics, muscle relaxants or non-steroidal anti-
inflammatory drugs. 
 
3.3 Treatment Approach  
 
After participants were allocated to their respective groups, a complete case history 
(Appendix E), physical examination (Appendix F) and lumbar regional examination 
(Appendix G) was completed, and after all the appropriate forms were signed, treatment 
commenced. Figure 3.1 outlines the method of the research process.  
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Figure 3.1: Flow diagram representing the method of the research process 
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3.3.1 Initial Consultation 
 
During the initial consultation, the following took place: 
• Explanation of the data collection procedures, treatment protocols and what was 
required from the participant during the study was done. 
• Participant was required to read the information form (Appendix B) as well as sign 
the consent form (Appendix C) before the study commenced. 
• A thorough case history (Appendix E), physical examination (Appendix F) and 
lumbar regional examination (Appendix G) was performed to assess severity of the 
pain, pain tolerance and threshold of the patient, as well as to assess if the patient 
would have been a viable participant in the study.  
• Objective data collection (pressure algometer and LROM readings) as well as 
subjective data collection (VAS) was taken.  
• Group 1 participants received FDT during treatment. 
• Group 2 received high frequency IFC therapy on the iliocostalis lumborum muscles 
that had active MFTPs.  
• Group 3 received FDT as well as high frequency IFC therapy on the iliocostalis 
lumborum muscles that had active MFTPs. 
 
3.3.2 Follow-up consultations 
 
Each participant received 2 treatments per week during the 3 week trial period. Subjective 
and objective data collection was taken at the start of the trial period, during visits 4 and 7. 
On the 7th consultation only data collection was done, there was no treatment done. This 
data was taken and recorded on the relevant data capturing sheet (Appendix H).  
 
3.3.3 FDT Tolerance procedure 
 
• Release the flexion extension lock. 
• Apply specific palmer contact over the spinous process to be assessed.  
• No ankle cuffs are applied. 
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• The caudal section of the table was flexed to patient tolerance, or to a maximum of 
5cm, or until the patient’s occiput moves into extension.   
• The patient’s lower extremities provide a sufficient traction force to test tolerance.  
• Hold the contact for 4 seconds asking the patient if he/she feels any pain in the lower 
extremities, pelvis or lower back. 
• If no pain was produced, the caudal section of the table was slowly returned to 
horizontal and the contact is removed (Cox, 2011).  
 
3.3.4 Manual Lumbar Flexion-Distraction procedure (Cox Method) 
 
• The participant was positioned prone on the flexion-distraction table illustrated in 
figure 3.2, with the anterior superior iliac spine at the base of the thoracic section 
and strapped to the bed. 
• Once the tolerance of the patient to flexion was determined, the torso straps were 
applied to prevent shifting of the torso during the treatment and the ankle straps 
were then applied to increase tractive force during treatment.  
• The contact hand (cephalad hand) was placed over the spinous process of the 
vertebra superior to the motion segment to be distracted.  
• The caudal hand contacts the handle at the foot of the table. The handle acts as a 
lever and assists in stance-positioning of the examiner.  
• The foot of the table was depressed mechanically using the handle until the point of 
maximal patient tolerance previously determined. 
• This point was then sustained and an additional 2 to 3 inches of flexion was 
produced manually. The table was then lifted to neutral and followed by another 
downward movement to the previous point over a 20 second period. The procedure 
was repeated three times, with a rest period of a few seconds between each 20 
second period. 
• This procedure was performed on each lumbar vertebra (L1 – L5). 
• Treatment was performed over a 5-minute period. 
• Following treatment, the foot of the table is brought back to the neutral position, 
distraction is removed and the straps are released (Bergmann and Peterson, 2011).  
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Figure 3.2: Zenith Cox 95 flexion table (http://zenithtables.com/zenith-cox-95-table/) 
 
3.3.5 High frequency IFC on the iliocostalis lumborum muscle/s 
 
• The IFC machine that was used in this study was the DYNATRON 850 plus (figure 
3.3).  
• The participant was asked to remove clothing obstructing the treatment area and 
wear a treatment gown for patient modesty.  
• The area was inspected for any contra-indications and cleaned with soap and water 
as well as an alcoholic swab.  
• The ‘sharp-blunt’ test was performed on the area to ensure the cutaneous nerves 
are not injured.  
• Two pairs of electrodes (50X50mm) were placed on either side of the active 
myofascial trigger point in the iliocostalis lumborum muscle/s found on examination.  
• The Four-Pole method was utilized so that the two currents would intersect over the 
MFTP.  
• Each participant received treatment for 10 minutes on the chosen frequency of 80-
100 Hz to achieve therapeutic effects including analgesia and relaxation of the 
iliocostalis lumborum muscle by controlling muscle spasticity.  
• Following treatment, the electrodes were removed and the machine was switched 
off (Low and Reed, 2000). 
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Figure 3.3: Dynatron 850 plus 
(https://www.medwrench.com/equipment/5497/dynatronics-dynatron-850-plus) 
 
 
3.4 Subjective Data  
 
3.4.1 VAS 
 
The VAS was utilised to ascertain the participants’ perception of their level of pain. The VAS 
consists of a 100 mm uninterrupted line on the data capturing form (Appendix H). The 
number 0, indicating ‘no pain’ was placed at one end of the line and the number 10, indicating 
‘worst pain ever experienced’ was placed on the opposite end of the line. The participant 
was asked to place a mark on an area of a line that indicated their pain at that specific time 
(Farrar, Pritchett, Robinson, Prakash and Chappell, 2010). Research shows strong validity 
and reliability of the VAS in the measurement of pain intensity due to it’s substantial 
correlation to other pain intensity measures (Ferreira-Valente, Pais-Ribeiro and Jensen, 
2011). 
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3.5 Objective Data  
 
3.5.1 Lumbar spine ROM - Inclinometer  
 
The Saunders digital inclinometer (figure 3.4) was utilised to measure lumbar spine ROM, 
specifically flexion and extension in the sagittal plane and was documented on the data 
capturing sheet (Appendix H). With the participant standing in erect posture, the sacral 
midpoint (point A) and the T12-L1 interspace (point B) were located and marked. The 
inclinometer was placed at point A and the patient was asked to flex maximally from erect 
standing posture and the measurement was recorded. This measurement represents 
standing hip flexion ROM. This was then repeated with the inclinometer placed at point B. 
This measurement represents Gross Lumbar Flexion ROM. The above steps were then 
repeated with the participant extending maximally from the erect standing posture and 
measurements taken at point A and B (refer to Appendix J). An average of three readings 
were taken for flexion and extension. Czaprowski, Pawlowska, Gebicka, Sitarski and 
Kotwicki (2012) proved the Saunders digital inclinometer to be a highly reliable and valid 
measurement tool. 
 
Figure 3.4: Saunders digital inclinometer 
(https://www.millikenmedical.com/saunders-digital-inclinometer) 
 
3.5.2 Pain Pressure Threshold (PPT) - Pressure Algometer 
 
A digital pressure algometer illustrated in figure 3.5 was used to measure the minimum 
pressure that caused pain in each participant known as PPT or tenderness resistance of the 
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associated active MFTP of the iliocostalis lumborum muscle (Park, Kim, Park, Kim, and 
Jang, 2011).  By utilising the pressure algometer for each data collection, it provided 
quantitative readings that determined the level of pain experienced as well as the speed of 
recovery due to the treatment received (Kinser, Sands and Stone, 2009).  The digital 
pressure algometer showed high reliability as a parameter for assessing a treatment’s effect 
(Park et. Al., 2011).   
 
The procedure of measuring pain pressure threshold was explained to each participant. With 
the participant in the prone position, the examiner palpated the iliocostalis lumborum muscle 
bilaterally for the active MFTP. This point was then marked with a permanent marker to 
ensure that repeated measurements were performed at the same point, ensuring accurate 
readings. The rubber end of the metal rod was placed onto the identified MFTP and pressure 
was applied in kg/cm² per second. The participant was asked to verbally communicate the 
point at which a level of discomfort was produced in the muscle. An average of three readings 
was taken and recorded on the data capturing form (Appendix H). 
 
 
 
 
 
 
 
 
 
 
Figure 3.5: Wagner pressure algometer 
(http://www.wagnerinstruments.com/products/pain-test-algometer/fpk-fpn) 
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3.6 Data Analysis 
 
Subjective and objective data was collected during the study period. The data was entered 
in an Excel spreadsheet, which was then analysed by a statistician from STATKON located 
at the University of Johannesburg Kingsway campus. The data analysis included descriptive 
and summary statistics on the overall sample in the form of frequency tables.   
 
Tests for normality (distribution) per group utilised the Shapiro Wilk Test to check the 
normality of the variables as there were less than 50 participants per group.  
 
Cross tabulation between the groups and gender was performed using the Pearson Chi-
square test. 
 
Inter-group analysis (comparisons between groups) was performed using non-parametric 
tests, of which the Kruskal-Wallis test was conducted. Post-Hoc tests, namely the Mann-
Whitney test, were then performed as there were differences found between the groups and 
a Bonferroni correction was then utilised.  
 
Intra-group analysis (comparisons within groups over time) was performed using non-
parametric tests utilised the Friedman Test as the data was found to not follow a normal 
distribution. As a difference within two of the three groups was found, a Wilcoxon Signed 
Rank Tests was performed (Pallant, 2007). 
 
3.7 Ethical Considerations 
 
All participants that took part in this study were requested to read the information form 
(Appendix B) and sign the consent form (Appendix C) specific to this study. The information 
and consent form outlined the names of the researcher, purpose of the study and benefits 
of partaking in the study, participant assessment and treatment procedure. Any risks, 
benefits and discomforts pertaining to the treatments involved were explained and that the 
participant’s safety was ensured (prevention of harm). The information and consent form 
also explained that the participant’s privacy would be protected as only the doctor, participant 
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and clinician would be in the treatment room and that anonymity was as the patient 
information was converted into data and therefore could not be traced back to the individual. 
The form also stated that standard doctor/patient confidentiality would be adhered to always 
when compiling the research dissertation. The participants were informed that their 
participation was on a voluntary basis and that they were free to withdraw from the study at 
any stage without consequence. Should the participant have had any further questions, 
these were explained by the researcher; whose contact details were made available. The 
participants were then required to sign the information and consent form, signifying that they 
understood all that was required of them for this study. The results of the study were made 
available on request. 
Regarding this particular study, the following risks and discomforts that may have occurred 
were slight pain or stiffness that may have occurred in the lumbar region. This was a normal 
response that may occur after flexion-distraction and/or IFC. After the study any participants 
that required further treatment received the most beneficial treatment free of charge after the 
study had been completed. If any pathologies were found on examination the participants 
were referred to an appropriate health care professional if it was necessary. Possible 
benefits of this study included a reduction in low back pain and improvement in ROM which 
may have lead to an increase in performance. 
This study was approved by the Higher Degrees Committee (HDC) (Appendix K) and the 
Research Ethics Committee of the University of Johannesburg, with the ethics clearance 
number: REC-01-167-2018 (Appendix L).  
 
3.8 Originality Check 
 
An originality check was completed by submitting the content of the final dissertation via 
Turnitin (anti-plagiarism software). A report (Appendix M) was received and complies with 
the required policies of UJ. 
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CHAPTER FOUR – RESULTS 
 
4.1 Introduction 
 
This chapter presents the results that were obtained during this study.  
 
The aim of this study was to determine the effectiveness of FDT compared to high frequency 
IFC therapy, as well as the combination of both protocols regarding pain, ROM and PPT.  
 
The following data was captured and analysed: 
• Demographic data: 
o Age and gender analysis of participants was performed to determine the 
distribution within the study 
• Objective data: 
o Flexion and extension lumbar spine range of motion (ROM) – utilising a 
digital inclinometer  
o PPT – utilising a pressure algometer 
• Subjective data: 
o VAS readings  
 
The sample group of this study consisted of 30 participants. Three groups of 10 participants 
each, were treated: group 1 received FDT, group 2 received high frequency IFC therapy and 
group 3 received a combination of FDT and high frequency ICF therapy. Subjective and 
objective data was collected on the 1st, 4th and 7th consultations. The overall data was 
collected during this study and was analysed by a statistician located at the University of 
Johannesburg Kingsway Campus at STATKON. The statistical results of the clinical trials 
conducted during this study are presented in this chapter.  
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4.2 Demographic Data  
 
Table 4.1: Demographic data analysis for groups 1, 2 and 3 
 
Gender Percentage (%) Age Demographic 
Female Male Minimum Maximum Mean 
Group 1 60 40 23 27 24.53 
Group 2 70 30 24 32 25.40 
Group 3 80 20 23 58 29.70 
 
Table 4.1 above showed that the participants that took part in this study were between the 
ages of 23 and 58 years old. In total there were 21 (70%) female participants and 9 (30%) 
male participants.  
 
Group 1 analysis: 
 
The participants in group 1 ranged in age between 23 and 27 years, with a mean age of 
24.53 years old (standard deviation of 1.35). This group consisted of 6 (60%) female 
participants and 4 (40%) male participants. 
 
Group 2 analysis: 
 
The participants in group 2 ranged in age between 24 and 32 years, with a mean age of 
25.40 years old (standard deviation of 2.46). This group consisted of 7 (70%) female 
participants and 3 (30%) male participants. 
 
Group 3 analysis: 
 
The participants in group 3 ranged in age between 23 and 58 years, with a mean age of 
29.70 years old (standard deviation of 12.755). This group consisted of 8 (80%) female 
participants and 2 (20%) male participants. 
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4.3 Tests for Normality 
Tests for normality (distribution) per group utilised the Shapiro Wilk test to check the 
normality of the variables. Non-parametric tests were then utilised to analyse the collected 
data as there were less than 50 participants per group. Cross tabulation between the groups 
and gender was performed using the Pearson Chi-square test. Inter-group analysis 
(comparisons between groups) was performed using non-parametric tests, of which the 
Kruskal-Wallis test was conducted. Post-Hoc tests, namely the Mann-Whitney test, were 
then performed as there were differences found between the groups and a Bonferroni 
adjustment was then utilised. Intra-group analysis (comparisons within groups over time) 
was performed using non-parametric tests, utilising the Friedman Test, as the data was 
found to not follow a normal distribution. If a difference within two of the three groups was 
identified, a Wilcoxon Signed Rank Tests was performed. Figure 4.1 illustrates the process 
of analysing data, as discussed above.   
 
The probability level or p-value represents the statistical significance of the results. The p-
value for the Friedman and Kruskal-Wallis tests were set at 0.05. A p-value of less than or 
equal to 0.05 (p ≤ 0.05) indicated a statistical significance for these two tests, however, a p-
value greater than 0.05 (p > 0.05) then findings were considered to not be statistically 
significant, although they can still be considered to have clinical significance.  If it was found 
there was a statistical significance between these two tests, then the Bonferroni adjustment 
was applied to the p-value for the Wilcoxon sign-ranks test and the Mann-Whitney test. This 
adjustment involved dividing the p-value of 0.05 by the number of tests that were used and 
using the revised number as the new p-value that was used to determine statistical 
significance. This therefore leads to 0.025 being the new p-value used to determine 
statistical significance for the Wilcoxon signed-ranks.  
 
As further statistically significant differences were identified, the Bonferroni adjustment was 
applied to the p-value for the Post-Hoc tests. This involved dividing the p-value of 0.025 by 
the number of tests involved. The revised p-value to be utilised when determining statistical 
significance is now 0.0167. Therefore, a value of p ≤ 0.0167 indicated statistical significance 
for the smallest p-value, p ≤ 0.025 for the second smallest p-value and p ≤ 0.05 for the 
highest value (Pallant, 2007).  
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Figure 4.1: Flow diagram representing the process of analysing the remaining data 
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4.4 Objective Data Analysis 
The objective data was captured by a digital inclinometer to measure the lumbar spine ROM 
for each participant. These measurements included flexion and extension of the lumbar 
spine.  
 
4.4.1 Lumbar spine flexion 
Tests for normality utilised the Shapiro-Wilk Test to ascertain if the data was normally 
distributed across the three groups.  
 
Table 4.2: Data analysis of lumbar ROM in flexion 
  Group 1 Group 2 Group 3 
Visit 1 
Mean (°) 46.86 60.39 62.92 
Standard Deviation 16.74 16.22 11.60 
Visit 4 
Mean (°) 51.49 63.05 65.86 
Improvement (%) 9.88 4.40 4.67 
Standard Deviation 18.42 9.99 10.41 
Visit 7 
Mean (°) 51.85 68.27 70.03 
Improvement (%) 10.63 13.07 11.32 
Standard Deviation 15.51 9.24 7.25 
 
 
Figure 4.2: Bar graph representing mean values for lumbar ROM in flexion 
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Table 4.2 and figure 4.2 above showed that the mean flexion ROM of group 1 was 46.86° at 
visit 1, 51.49° at visit 4 and 51.85° at visit 7. The mean flexion of group 2 was 60.39° at visit 
1, 63.05° at visit 4 and 68.27° at visit 7. The mean flexion of group 3 was 62.92° at visit 1, 
65.86° at visit 4 and 70.03° at visit 7.  
 
Intra-group analysis 
The Friedman and Wilcoxon signed-rank tests were utilised for the intra-group analysis.  
 
Table 4.3: Friedman test for mean ranks of flexion of the lumbar spine 
 Group 1 Group 2 Group 3 
p-value 0.670 0.014 0.232 
 
As shown in table 4.3 above, the Friedman test revealed no statistically significant difference 
over time in group 1 with a p-value of 0.670 (p > 0.05), and group 3 with a p-value of 0.232 
(p > 0.05), however there was a statistically significant difference over time with group 2 with 
a p-value of 0.014 (p ≤ 0.05). 
 
As there were statistically significant differences reported in the Friedman test the Bonferroni 
adjustment was applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is now 0.025. Therefore, a value of p ≤ 0.025 suggests statistical 
significance. Wilcoxon signed-ranked test shows a comparison of the data between different 
visits. The test compares the first and fourth visits and the first and seventh visits.  
 
Table 4.4: Wilcoxon signed rank test for flexion of the lumbar spine (p-value) 
Comparison of visits Group 1 Group 2 Group 3 
1 – 4  - 0.203 - 
1 - 7 - 0.139 - 
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Group 1 analysis: 
 
As seen in table 4.4 above, group 1 showed no statistically significant difference in the 
Friedman test, therefore the Wilcoxon signed-ranked test was not conducted as no 
statistically significance would be identified.  
 
Group 2 analysis: 
Group 2 showed no statistically significant difference between the 1st and 4th visits with a 
p-value of 0.203 (p > 0.025). There was no statistically significant difference between the 1st 
and 7th visits with a p-value of 0.139 (p > 0.025). 
 
Group 3 analysis: 
Group 3 showed no statistically significant difference in the Friedman test, therefore the 
Wilcoxon signed-ranked test was not conducted as no statistically significance would be 
identified. 
 
Inter-group analysis 
The intergroup analysis was performed using the Kruskal-Wallis test to determine if there 
was a difference in measurements between the three groups.   
 
Table 4.5: Kruskal-Wallis test for flexion ROM of the lumbar spine at visits 1,4 and 7 
for all three groups 
 Group 1 Group 2 Group 3 
Visit 1 Mean rank (°) 11.20 16.30 19.00 
p-value 0.132 
Visit 4 Mean rank (°) 12.40 16.10 18.00 
p-value 0.351 
Visit 7 Mean rank (°) 7.80 19.50 19.20 
p-value 0.003 
 
As shown in table 4.5 above, the Kruskal-Wallis test revealed there was no statistically 
significant difference between the groups at the 1st visit with a p-value of 0.132 (p > 0.05) 
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and at the 4th visit with a p-value of 0.351 (p > 0.05). Therefore, the groups started off 
comparable. The test revealed that there was a statistically significant difference between 
the groups at the 7th visit with a p-value of 0.003 (p ≤ 0.05).  
 
As there were statistically significant differences reported in the Kruskal-Wallis test the 
Bonferroni adjustment was applied for the Mann-Whitney test. The new p-value for Mann-
Whitney test is now 0.025. Therefore, a value of p ≤ 0.025 suggests statistical significance.  
 
Mann-Whitney test shows differences between independent groups at specific time intervals 
(visits) on a continuous measure.  
 
Visit 1 showed no statistically significant difference in the Kruskal-Wallis test, therefore the 
Mann-Whitney test was not conducted as no statistically significance would be identified.  
 
Visit 4 showed no statistically significant difference in the Kruskal-Wallis test, therefore the 
Mann-Whitney test was not conducted as no statistically significance would be identified.  
 
Visit 7 showed a statistically significant difference with a p-value of 0.004 (p ≤ 0.025) 
between group 1 and group 2. Additionally, visit 7 showed a statistically significant difference 
with a p-value of 0.003 (p ≤ 0.025) between group 1 and group 3. There was no statistically 
significant difference between group 2 and 3 on visit 7, as the p-value was 0.880 (p > 0.025). 
 
4.4.2 Lumbar spine extension 
 
Table 4.6: Data analysis of lumbar ROM in extension 
  Group 1 Group 2 Group 3 
Visit 1 
Mean (°) 23.37 16.05 19.43 
Standard Deviation 8.41 5.70 7.28 
Visit 4 
Mean (°) 23.39 20.95 24.05 
Standard Deviation 7.72 5.03 9.04 
Visit 7 
Mean (°) 22.84 19.26 27.36 
Standard Deviation 10.63 7.78 9.19 
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Figure 4.3: Bar graph representing mean values for lumbar ROM in extension 
 
Table 4.6 and figure 4.3 above showed that the mean extension ROM of group 1 was 23.37° 
at visit 1, 23.39° at visit 4 and 22.84° at visit 7. The mean extension of group 2 was 16.05° 
at visit 1, 20.95° at visit 4 and 19.24° at visit 7. The mean extension of group 3 was 19.43° 
at visit 1, 24.05° at visit 4 and 27.36° at visit 7.  
 
Intra-group analysis 
The Friedman and Wilcoxon signed-rank tests were utilised for the intragroup analysis.  
 
Table 4.7: Friedman test for mean ranks of extension of the lumbar spine 
 Group 1 Group 2 Group 3 
p-value 0.741 0.067 0.003 
 
As shown above in table 4.7 above, the Friedman test revealed no statistically significant 
difference over time in group 1 with a p-value of 0.741 (p > 0.05), and group 2 with a p-value 
of 0.067 (p > 0.05), however there was a statistically significant difference over time with 
group 3 with a p-value of 0.003 (p ≤ 0.05). 
 
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore, a value of p ≤ 0.025 suggests statistical significance. 
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Wilcoxon signed-rank test shows a comparison of the captured data between different visits. 
It compares the 1st and 4th visit and the 1st and 7th visits.  
 
Table 4.8: Wilcoxon signed rank test for extension of the lumbar spine (p-value) 
Comparison of visits Group 1 Group 2 Group 3 
1 – 4  - - 0.028 
1 - 7 - - 0.007 
 
Group 1 analysis: 
As shown above in table 4.8 above, group 1 showed no statistically significant difference in 
the Friedman test, therefore it was unnecessary to conduct the Wilcoxon signed-rank test as 
no statistically significance would be identified. 
 
Group 2 analysis: 
Group 2 also showed no statistically significant difference in the Friedman test, therefore it 
was unnecessary to conduct the Wilcoxon signed-rank test as no statistically significance 
would be identified. 
 
Group 3 analysis 
Group 3 showed no statistically significant difference between the 1st and 4th visit with a p-
value of 0.028 (p > 0.025). There was a statistically significant difference identified between 
the 1st and 7th visits with a p-value of 0.007 (p ≤ 0.025). 
 
Inter-group analysis 
The inter-group analysis was performed using the Kruskal-Wallis test.  
 
Table 4.9: Kruskal-Wallis test for extension ROM of the lumbar spine at visits 1,4 and 
7 for all three groups 
 Group 1 Group 2 Group 3 
Visit 1 Mean rank (°) 19.40 11.20 15.90 
p-value 0.113 
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Visit 4 Mean rank (°) 15.90 13.40 17.20 
p-value 0.618 
Visit 7 Mean rank (°) 14.40 12.40 19.70 
p-value 0.159 
 
As shown above in table 4.9 above, the Kruskal-Wallis test revealed there was no statistically 
significant difference at the 1st visit with a p-value of 0.113 (p > 0.05), the 4th visit with a p-
value of 0.618 (p > 0.05) and a 7th visit with a p-value of 0.159 (p > 0.05). Therefore, the 
groups started off comparable and there was no difference between the groups as all 3 
groups improved at a similar rate.  
 
4.4.3 Pressure Algometer 
A pressure algometer was used on active iliocostalis lumborum MFTPs in order to measure 
pain threshold, by eliciting the minimum pressure that caused pain in each participant. 
 
Table 4.10: Data analysis of pressure algometer readings  
  Group 1 Group 2 Group 3 
Visit 1 Minimum (kg/cm²) 2 3 3 
Maximum (kg/cm²) 4 6 5 
Mean (kg/cm²) 3.07 4.01 3.76 
Standard deviation 0.88 0.88 0.66 
Visit 4 Minimum (kg/cm²) 3 4 4 
Maximum (kg/cm²) 9 8 8 
Mean (kg/cm²) 5.75 5.04 4.76 
Standard deviation 2.12 1.31 1.18 
Visit 7 Minimum (kg/cm²) 4 5 4 
Maximum (kg/cm²) 8 9 9 
Mean (kg/cm²) 6.19 6.03 6.24 
Standard deviation 1.58 1.20 1.61 
 
53 
 
 
Figure 4.4: Bar graph representing mean pressure algometer readings 
 
It is evident from table 4.10 and figure 4.4 above that pressure algometer readings for group 
1 were between 3.07 kg/cm² and 6.19 kg/cm². Pressure algometer readings for group 2 
were between 4.01 kg/cm² and 6.03 kg/cm² and between 3.76 kg/cm² and 6.24 kg/cm² for 
group 3.  
 
Intra-group analysis 
 
The Friedman and Wilcoxon signed-rank tests were utilised for the intragroup analysis.  
 
Table 4.11: Friedman test for mean ranks of pain pressure threshold of the iliocostalis 
lumborum active MFTP 
 Group 1 Group 2 Group 3 
p-value 0.000 0.002 0.000 
 
As shown above in table 4.11, the Friedman test revealed a statistically significant difference 
over time in all 3 groups: group 1 with a p-value of 0.000 (p ≤ 0.05), group 2 with a p-value 
of 0.002 (p ≤ 0.05) and group 3 with a p-value of 0.000 (p ≤ 0.05). 
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Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore, a value of p ≤ 0.025 suggests statistical significance. 
 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. 
It compares the 1st and 4th visits and the 1st and 7th visits.  
 
Table 4.12: Wilcoxon signed rank test for pain pressure threshold of the iliocostalis 
lumborum active MFTP (p-value) 
Comparison of visits Group 1 Group 2 Group 3 
1 – 4  0.006 0.059 0.006 
1 - 7 0.006 0.006 0.006 
 
Group 1 analysis: 
As shown above in table 4.12, group 1 showed a statistically significant difference between 
the 1st and 4th visits with a p-value of 0.006 (p ≤ 0.025) and between the 1st and 7th visits 
with a p-value of 0.006 (p ≤ 0.025). 
 
Group 2 analysis: 
Group 2 showed no statistically significant difference between the 1st and 4th visits with a 
p-value of 0.059 (p > 0.025). There was a statistically significant difference identified between 
the 1st and 7th visits with a p-value of 0.006 (p ≤ 0.025). 
 
Group 3 analysis: 
Group 3 showed a statistically significant difference between the 1st and 4th visits with a p-
value of 0.006 (p ≤ 0.025) and between the 1st and 7th visits with a p-value of 0.006 (p ≤ 
0.025). 
 
Inter-group analysis 
The inter-group analysis was performed using the Kruskal-Wallis test.  
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Table 4.13: Kruskal-Wallis test for pain pressure threshold of the iliocostalis 
lumborum active MFTP, at visits 1, 4 and 7 for all three groups 
 Group 1 Group 2 Group 3 
Visit 1 Mean rank (°) 10.45 19.05 17.00 
p-value 0.074 
Visit 4 Mean rank (°) 17.95 15,05 13.50 
p-value 0.517 
Visit 7 Mean rank (°) 16.10 14.75 15.65 
p-value 0.941 
 
As shown above in table 4.13, the Kruskal-Wallis test revealed there was no statistically 
significant difference at the 1st visit with a p-value of 0.074 (p > 0.05), the 4th visit with a p-
value of 0.517 (p > 0.05) and a 7th visit with a p-value of 0.941 (p > 0.05). Therefore the 
groups started off comparable and there was no difference between the groups as all 3 
groups improved at a similar rate.  
 
4.5 Subjective Data Analysis 
Table 4.14: Data analysis of VAS readings for groups 1, 2 and 3  
  Group 1 Group 2 Group 3 
Visit 1 Minimum  4 4 4 
Maximum  7 9 7 
Mean  5.3 6.1 5.6 
Standard deviation 1.16 1.595 0.966 
Visit 4 Minimum  1 1 1 
Maximum  5 7 6 
Mean  3.4 3.7 3.8 
Standard deviation 1.350 1.703 1.398 
Visit 7 Minimum  0 0 0 
Maximum  4 6 3 
Mean  2.4 2.2 1.4 
Standard deviation 1.174 1.751 1.174 
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4.5.1 VAS 
The VAS was used to determine the perception of pain of each participant. The participant 
was asked to place a mark on an area of a line that indicated their pain at that specific time, 
with a value of 0 indicating ‘no pain’ being felt and a value of 10 indicating ‘the worst pain 
ever experienced’ by that participant.  
 
 
Figure 4.5: Bar Graph representing the mean VAS readings 
 
Figure 4.5 above showed that the mean VAS readings of group 1 were 5.30 at visit 1, 3.40 
at visit 4 and 2.40 at visit 7. The mean VAS readings of group 2 were 6.10 at visit 1, 3.70 at 
visit 4 and 2.20 at visit 7. The mean VAS readings of group 3 were 5.60 at visit 1, 3.80 at 
visit 4 and 1.40 at visit 7.  
 
Intra-group analysis 
The Friedman and Wilcoxon signed-rank tests were utilised for the intra-group analysis.  
 
Table 4.15: Friedman test for mean ranks of VAS readings for groups 1, 2 and 3 
 Group 1 Group 2 Group 3 
p-value 0.000 0.000 0.000 
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As shown above in table 4.15, the Friedman test revealed a statistically significant difference 
over time in all 3 groups: group 1 with a p-value of 0.000 (p ≤ 0.05), group 2 with a p-value 
of 0.000 (p ≤ 0.05) and group 3 with a p-value of 0.000 (p ≤ 0.05). 
 
Due to the statistically significant difference found in the Friedman test the Bonferroni 
adjustment is now applied for the Wilcoxon signed-rank test. The new p-value for Wilcoxon 
signed-rank test is 0.025. Therefore, a value of p ≤ 0.025 suggests statistical significance. 
 
Wilcoxon signed-rank test shows a comparison of the captured data between different visits. 
It compares the 1st and 4th visit and the 1st and 7th visits.  
 
Table 4.16: Wilcoxon signed rank test for VAS readings of group 1, 2 and 3 (p-value) 
Comparison of visits Group 1 Group 2 Group 3 
1 – 4  0.007 0.006 0.007 
1 - 7 0.006 0.006 0.004 
 
Group 1 analysis: 
As shown in table 4.16, group 1 showed a statistically significant difference between the 1st 
and 4th visits with a p-value of 0.007 (p ≤ 0.025) and between the 1st and 7th visits with a 
p-value of 0.006 (p ≤ 0.025). 
 
Group 2 analysis: 
Group 2 showed a statistically significant difference between the 1st and 4th visits with a p-
value of 0.006 (p ≤ 0.025) and between the 1st and 7th visits with a p-value of 0.006 (p ≤ 
0.025). 
 
Group 3 analysis: 
Group 3 showed a statistically significant difference between the 1st and 4th visits with a p-
value of 0.007 (p ≤ 0.025) and between the 1st and 7th visits with a p-value of 0.004 (p ≤ 
0.025). 
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Inter-group analysis 
The inter-group analysis was performed using the Kruskal-Wallis test.  
 
Table 4.17: Kruskal-Wallis test for VAS readings at visits 1, 4 and 7 for all three groups 
 Group 1 Group 2 Group 3 
Visit 1 Mean rank (°) 13.20 17.65 15.65 
p-value 0.502 
Visit 4 Mean rank (°) 14.45 15.65 16.40 
p-value 0.874 
Visit 7 Mean rank (°) 18.85 15.70 11.95 
p-value 0.198 
 
As shown above in table 4.17, the Kruskal-Wallis test revealed there was no statistically 
significant difference at the 1st visit with a p-value of 0.502 (p > 0.05), the 4th visit with a p-
value of 0.874 (p > 0.05) and a 7th visit with a p-value of 0.198 (p > 0.05). Therefore, the 
groups started off comparable and there was no difference between the groups as all 3 
groups improved at a similar rate.  
 
4.6 Conclusion  
 
As could be seen from the results above, both treatment protocols and the combination of 
both protocols had positive clinical effects on participants. Subjectively the participants, on 
average, experienced a decrease in perceived pain as could be identified by the VAS results, 
which was noted across all 3 groups. Objectively both the lumbar ROM measurements and 
the pressure algometer readings increased throughout the study period, and this was noted 
across all 3 groups. Chapter five will further discuss the results obtained from this chapter.  
 
 
 
 
 
59 
 
CHAPTER FIVE – DISCUSSION 
 
5.1 Introduction 
In this chapter a discussion regarding the results of this research study took place. 
Demographic, subjective and objective data that was captured and mentioned in chapter 
four was be substantiated with clinical reasoning.  
 
Comparison of subjective and objective data results from the initial to the final consultation 
for all three groups was performed to determine if any differences existed between the 
groups with regards to their lumbar ROM, PPT and VAS readings. A total of 3 readings were 
taken from each participant during the study period, these being at the 1st, 4th and 7th 
consultations. The purpose of the data comparison between the 3 groups was to ascertain 
which treatment protocol was the most effective in the treatment of chronic mechanical low 
back pain with associated ES MFTP involvement.  
 
5.2 Demographic Data 
The demographic data reflected no statistically significant difference in terms of age and 
gender and was therefore comparable.  
 
5.2.1 Age distribution 
This study had a sample size of 30 participants which were selected according the inclusion 
and exclusion criteria discussed in chapter three. One of the inclusion criteria was that 
participants were to be between the ages of 18 and 65 years of age. The oldest participant 
was 58 years of age and the youngest participant was 23 years of age, thus covering a 35-
year age range.  
 
It is evident from table 4.1 that the mean ranges of age in the 3 groups were very close: 
24.53 years old for group 1, 25.40 years old for group 2 and 29.70 years old for group 3. As 
the mean age for each group were similar, they were therefore comparable.  
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5.2.2 Gender distribution 
Table 4.1 shows the gender distribution across the 3 groups. The sample group consisted 
of a total of 9 male participants and 21 female participants. Group 1 consisted of 6 female 
participants and 4 male participants. Group 2 consisted of 7 female participants and 3 male 
participants. Group 3 consisted of 8 female participants and 2 male participants. There was 
no equal ratio between male and female participants as distribution for each group was 
through random allocation. As the differences between males to females regarding their 
response to FDT or high frequency IFC treatment was not the focus of this study and no 
evidence exists suggesting there would be statistically significant differences between 
genders, the non-equal ratio was not considered a relevant factor in this study.  
 
5.2.3 Demographic Data Discussion 
 
Research reports that non specific low back has become a major public health problem 
around the world with the lifetime prevalence of low back pain estimated to be as high as 
84% and the prevalence of chronic low back pain being 23%. There is a possibility that 11-
12% of the population would be disabled by low back pain (Balague, Mannion, Pellise and 
Cedraschi, 2012). A comprehensive review done by Manchikanti, Singh, Datta, Cohen and 
Hirsch (2009) reported that chronic persistent low back pain is seen in 25% to 60% of 
patients one-year or longer after the initial episode of pain across all age groups and both 
genders.  
 
5.3 Objective Data  
Objective data was captured by means of a digital inclinometer of which flexion and 
extension range of motion readings were taken. Objective data also included Pressure 
algometer readings which indicated pain pressure threshold of each participant.  
 
5.3.1 Intra-group analysis 
Intra-group analysis was performed to compare changes to measurements within each 
group over the time period. The non-parametric test used for intra-group analysis was the 
Friedman test and the Wilcoxon Signed Ranks Test.  
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Flexion ROM of the lumbar spine 
Data analysis was performed to compare the mean values within each group (see table 4.2).  
 
Within group 1, flexion improved by 4.63° between visit 1 and visit 4 (9.88%) and by 0.36° 
(0.75%) between visit 4 and visit 7 and flexion increased overall from visit 1 to visit 7 by 4.99° 
(10.63%).  
 
Group 2 improved by 2.66° (4.40%) between visit 1 and visit 4, by 5.22° (8.64%) between 
visit 4 and 7 and by 7.88° (13.07%) overall between visit 1 and visit 7.  
 
Group 3 flexion readings improved by 2.94° (4.67%) between visit 1 and 4, by 4.17° (6.64%) 
between visit 4 and visit 7 and by 7.11° (11.32%) overall between visit 1 and visit 7 (see 
table 4.2).  
 
The above – mentioned results indicate that there was a percentage increase in flexion ROM 
of the lumbar spine within each group over the study period.  
 
As shown in table 4.3, the Friedman test revealed that for group 1 there was a p-value of 
0.670 (p>0.05) and for group 3 there was a p-value of 0.232 (p>0.05), thus suggesting that 
there was no statistically significant difference over time within these two groups.  However, 
for group 2, there was a p-value of 0.014 (p ≤ 0.05), this suggesting that there were 
statistically significant differences over time within this group.  
 
A Post-hoc test, namely the Wilcoxon Signed Rank Test, was then performed for group 2. 
This test compares the values recorded at visit 1 and visit 4, as well as values recorded at 
visit 1 and visit 7 (see table 4.4).  Results for group 2 were as follows: comparison between 
visit 1 and visit 4 identified a p-value of 0.203 and comparison between visit 1 and visit 7 
identified a p-value of 0.139, thus no statistically significant difference was found for either 
of these periods. The statistically significant difference found in the Friedman test was 
minimal and was therefore too small to be identified by the Wilcoxon Signed Rank Test. This 
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indicates that although group 3 showed more improvement than the other groups, the 
improvement was slight.  
 
Extension ROM of the lumbar spine 
Data analysis was performed to compare the mean values within each group (see table 4.6).  
 
Within group 1, extension improved by 0.016° between visit 1 and visit 4 and declined by  
-0.55° between visit 4 and visit 7. Thus, extension values for group 1 decreased by -0.53° 
overall from visit 1 to visit 7.  
 
Similarly, group 2 improved by 4.89° between visit 1 and visit 4 and decreased by -1.71° 
between visit 4 and 7. However, extension values for group 2 increased overall between visit 
1 and visit 7 by 3.19°.  
 
Group 3 extension readings improved by 4.62° between visit 1 and 4, by 3.31° between visit 
4 and visit 7 and by 7.93° overall between visit 1 and visit 7.  
 
Clinically, the above – mentioned results indicate that the combination of both treatment 
protocols is effective in increasing extension ROM of the lumbar spine. High frequency IFC 
is also effective in increasing the overall extension ROM of the lumbar spine, however this 
increase only occurs up to the 4th visit, thereafter extension values decrease. The results 
also indicate that FDT increases extension ROM up to the 4th treatment, thereafter extension 
values decline.   
 
As shown in table 4,7, the Friedmann test revealed that for group 1 there was a p-value of 
0.741 (p > 0.05) and for group 2 there was a p-value of 0.067 (p > 0.05), thus suggesting 
that there was no statistically significant difference over time within these two groups.   
 
However, for group 3, there was a p-value of 0.003 (p ≤ 0.05), therefore suggesting that 
there were statistically significant differences over time within this group.  
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A Post-hoc test, namely the Wilcoxon Signed Rank Test, was then performed for group 3. 
This test compares the values recorded at visit 1 and visit 4, as well as values recorded at 
visit 1 and visit 7 (see table 4.8).  Results for group 3 were as follows: comparison between 
visit 1 and visit 4 identified a p-value of 0.028, thus no statistically significant difference was 
found. Comparison between visit 1 and visit 7 identified a p-value of 0.007, thus indicating a 
statistically significant difference during this period. This shows that the significant 
differences are only reflected after 3 treatments and were maintained at the 7th consultation. 
Evidence by Cox (2011), as stated in chapter two, indicated that FDT increases metabolite 
transport into the musculature, thus reducing muscle spasm and restoring soft tissue 
elasticity. Additionally, high frequency IFC assists with decreasing muscle spasm by the 
increase in circulation of body fluids (Cox, 2011). Therefore, FDT and high frequency IFC of 
the iliocostalis muscle may help to increase extension ROM of the lumbar spine which may 
serve as a possible explanation for the above results.  
 
Pain Pressure Threshold 
Data analysis was performed to compare the mean values within each group (see table 
4.10).  
 
Within group 1, pressure algometer readings improved by 2.68 kg/cm² between visit 1 and 
visit 4, by 0.44 kg/cm² between visit 4 and visit 7, and increased overall between visit 1 and 
7 by 3.12 kg/cm².  
 
Group 2 improved by 1.03 kg/cm² between visit 1 and visit 4, by 0.99 kg/cm² between visit 
4 and 7 and increased overall between visit 1 and visit 7 by 2.02 kg/cm².  
 
Pressure algometer readings for group 3 increased by 1 kg/cm² between visit 1 and 4, by 
1.48 kg/cm² between visit 4 and visit 7 and by 2.48 kg/cm² overall between visit 1 and visit 
7 (see table 4.10).  
 
The Friedmann test revealed a statistically significant difference over time in all three groups 
(table 4.11): group 1 and 3 with a p-value of 0.000 each (p ≤ 0.05) and group 2 there was a 
p-value of 0.002 (p ≤ 0.05).  
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A Post-hoc test, namely the Wilcoxon Signed Rank Test, was then performed for the three 
groups. This test compares the values recorded at visit 1 and visit 4, as well as values 
recorded at visit 1 and visit 7.   
 
Analysis of data in table 4.12, results of group 1 showed that a statistically significant 
difference was identified during comparison between visit 1 and visit 4 with a p-value of 0.006 
and comparison between visit 1 and visit 7 with a p-value of 0.006. The significant trend from 
these results propose that further statistical change is likely to occur within group 1 over time. 
This may be as a result of the beneficial effects of FDT, as discussed in chapter two.  
 
Analysis of data in table 4.12, results of group 2 showed that no statistically significant 
difference was identified between visit 1 and visit 4 with a p-value of 0.059, however a 
statistically significant difference was identified between visit 4 and visit 7 with a p-value of 
0.006. This shows that the significant changes regarding increases in flexion ROM of the 
lumbar spine occur only after 4 treatment and are maintained at the 7 th treatment.  
 
Analysis of data in table 4.12, results of group 3 showed that statistically significant 
differences were found between visit 1 and 4 as well as between visit 4 and 7 with the p-
value of 0.006 for both periods. These results showed changes with regards to an increase 
in flexion ROM within the group over time. The significant trend from these results propose 
that further statistical change is likely to occur.  
 
5.3.2 Inter-group Analysis 
 
The inter-group analysis was performed to determine if there was a difference in 
measurement among the three different treatment groups at various times, namely at visit 1, 
visit 4 and visit 7. The non-parametric test used for inter-group analysis was the Kruskal-
Wallis test and the Mann-Whitney test. The inter-group analysis was performed to determine 
the outcome of this study and would possibly meet the aim of the research study. The 
average degrees of ROM are discussed below.  
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Flexion ROM of the lumbar spine 
 
As mentioned in chapter two, the lumbar spine ROM is primarily in the sagittal plane, 
performing flexion and extension. Normal range of flexion in the lumbar spine is 40°- 60° 
(Bergmann and Peterson, 2011).  
 
Table 5.1 Flexion ROM clinical improvement for groups 1, 2 and 3 
Range of 
Motion 
Group 1 Group 2 Group 3 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Flexion 4.99 10.65 7.88 13.05 7.11 11.30 
 
Table 4.2 and figure 4.2 both provide the results of the mean flexion ROM for each group at 
each visit.  
 
From these results, it is evident that all three groups showed an increase in overall flexion 
values: group 1 increased in flexion values overall by 4.99° between visit 1 (46.86°) and visit 
7 (51.85°) and overall by 10.65%; group 2 increased in flexion values overall by 7.88° 
between visit 1 (60.39°) and visit 7 (68.27°), and group 3 increased in flexion values overall 
by 7.11° (11.30%)  between visit 1 (62.92), and visit 7 (70.03°). It is also evident from figure 
4.2 that the biggest percentage change between visits 1 and 4 (51.49°) was for group 1. 
Group 2 showed the biggest increase between visit 4 (63.05°) and visit 7 (68.27°) and as 
shown above, this group also showed the biggest overall increase between visit 1 and visit 
7 by 13.05%. 
 
Clinically, as discussed above and noted in table 5.1, it appears that all three groups 
increased in average flexion ROM. This result could be due to the FDT received by group 1, 
the high frequency IFC received by group 2 and the combination of both treatment protocols 
received by group 3. Therefore, these results suggest that all three treatment protocols are 
effective in increasing average flexion ROM over time. These results also show that high 
frequency IFC may be more effective than FDT and the combination of both treatment 
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protocols, in increasing average ROM. Cox (2011) noted that a high frequency setting of IFC 
applied to a muscle assists with decreasing muscle spasm as the motor stimulation produced 
by the current increases the circulation of body fluids, thus restoring elasticity of soft tissue 
elasticity. This may explain the increase in flexion ROM of group 2.  
 
As shown in table 4.5, the Kruskal-Wallis test revealed that the p-value at visit 1 was 0.132 
(p > 0.05) and the p-value at visit 4 was 0.351 (p > 0.05), thus indicating that there was no 
statistically significant difference at each of these visits. This is important as this indicates 
that the three groups were comparable at visit 1 and visit 4, meaning that all three groups 
started on a similar level and can therefore be directly compared to each other for this study. 
However, the test revealed that the p-value at visit 7 was 0.003 (p ≤ 0.05), indicating that 
there was a statistically significant difference at visit 7. By comparing the three groups at visit 
7, it is evident that group 2 had the highest mean rank of 19.50, implying that group 2 had 
the greatest increase in flexion ROM when compared to the other two groups.  
 
Extension ROM of the lumbar spine 
 
As discussed in chapter two, average extension ROM of the lumbar spine is usually between 
20° and 35° (Bergmann and Peterson, 2011).  
 
Table 5.2: Extension ROM overall clinical improvement for groups 1, 2 and 3 
Range of 
Motion 
Group 1 Group 2 Group 3 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Increase 
(degrees) 
% 
increase 
Extension -0.53 -2.27 3.18 19.81 4.9 25.22 
 
Table 4.6 and figure 4.3 both provide the results of the mean extension ROM for each group 
at each visit.  
 
While analysing the results, it is evident that group 1 had a decline in the overall extension 
values between visit 1 (23.37°) and visit 7 (22.84) of 0.53° (-2.23%), but a slight increase in 
extension values was identified between visit 1 (23.37°) and visit 4 (23.39°) of 0.02°.  
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Group 2 had an increase in the extension values between visit 1 (16.05°) and visit 4 (20.95°) 
of 30.53%, but a decrease in extension values was identified between visit 4 (20.95°) and 
visit 7 (19.24°) of 8.16%. However, there was still an increase in overall extension between 
visit 1 and visit 7 of 3.18° (19.81%). 
 
It is evident from table 4.6 that the biggest percentage change between visit 1 and visit 4 
was for group 3 with an increase of 4,62° (23.78%). Group 3 also showed the biggest 
percentage change between visit 4 and visit 7, with an increase in extension ROM of 3.31° 
(25.22%). Thus, group 3 was the only group that showed a progressive increase in extension 
between visit 1 and visit 4, as well as between visit 4 and visit 7, and showed the greatest 
increase of 25.22% overall in extension values between visit 1 and visit 7.  
 
As shown in table 4.9, the Kruskal-Wallis test revealed that the p-value at visit 1 was 0.113, 
at visit 4 was 0.618 and at visit 7 the p-value was 0.159, thus indicating that no statistically 
significant difference was identified between the groups at each visit. This is important as 
this indicates that the three groups were comparable at visit 1, 4 and 7, meaning that all 
three groups started on a similar level and could therefore be directly compared to each 
other for this study. These results indicate that no significant difference was found in 
extension ROM of the lumbar spine between the three groups. Although it could be seen in 
table 4.6 and table 5.2 that there was a slight increase in extension ROM between the three 
groups, the change was not enough to be seen statistically significant and it indicates that 
all three groups improved at a similar rate.  
 
Clinically, by analysing table 5.2, it appears that the combination of both treatment protocols 
is the most effective protocol in increasing extension ROM of the lumbar spine. This is due 
to the evidence that group 3 showed better results over time than group one or two.  
Evidence by Cox (2011), as stated in chapter two, indicated that FDT increases metabolite 
transport into the musculature, thus reducing muscle spasm and restoring soft tissue 
elasticity. Additionally, high frequency IFC assists with decreasing muscle spasm by the 
increase in circulation of body fluids (Cox, 2011). Therefore, FDT and high frequency IFC of 
the iliocostalis muscle may help to increase extension ROM of the lumbar spine which may 
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serve as a possible explanation for the above results. It also appears that FDT and high 
frequency IFC therapy increases extension range of motion of the lumbar spine initially, 
however it has the opposite effect after the third treatment.  However, statistically the 
difference between the three groups was insignificant.  
 
PPT 
 
Table 5.3: Clinical improvement with regards to PPT threshold for groups 1, 2 and 3 
 
Group 1 Group 2 Group 3 
Decrease 
(kg/cm²) 
% 
increase 
Decrease 
(kg/cm²) 
% 
increase 
Decrease 
(kg/cm²) 
% 
increase 
Pressure 
algometer 
readings 
3.12 101.63 2.02 50.37 2.48 65.96 
 
Table 4.10 and figure 4.4 both provide the results of the mean pressure algometer readings 
for each group at each visit.  
 
Group 1 showed an increase of 2.68 kg/cm² between visits 1 and 4, 0.44 kg/cm² between 
visit 4 and 7 and the greatest overall increase of 3.12 kg/cm² (101.63%) between visit 1 and 
visit 7.  
 
Group 2 showed an increase of 1.03 kg/cm² between visit 1 and 4, 0.99 kg/cm² between visit 
4 and 7 and an overall increase of 2.02 kg/cm² (50.37%) between visit 1 and 7.  
 
Group 3 showed an increase of 1 kg/cm² between visit 1 and 4, an increase of 1.48 kg/cm² 
between visit 4 and 7 and an overall increase of 2.48 kg/cm² (65.96%) between visit 1 and 
7.  
 
Clinically, it is evident from the results in 5.3 that all three groups showed an overall decrease 
in pain, however group 1 showed the biggest increase in overall pressure algometer 
readings, indicating that group 1 had the greatest improvement in pain overall.  
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As seen in chapter two, FDT stretches the paraspinal muscles, thus reducing muscle spasm, 
increases metabolite transport into the IVD and musculature, restores vertebral joints to their 
physiologic relationships of motion and has the ability to decrease pain due to the inhibitory 
effects on afferent neuron impulses that produce pain (Bergmann and Peterson, 2011; Cox, 
2011). These therapeutic benefits of FDT contribute to the results discussed above.  
 
The Kruskal-Wallis test revealed that the p-value at visit 1 was 0.074, at visit 4 was 0.517 
and at visit 7 the p-value was 0.941, thus indicating that no statistically significant difference 
was identified between the groups at each visit. This is important as this indicates that the 
three groups were comparable at visit 1, 4 and 7, meaning that all three groups started on a 
similar level and could therefore be directly compared to each other for this study. These 
results indicate that no significant difference was found in extension ROM of the lumbar spine 
between the three groups. Although it could be seen in table 4.10 and table 5.3 that there 
was a slight increase in extension ROM between the three groups, the change was not 
enough to be seen statistically significant and it indicates that all three groups improved at a 
similar rate.  
 
5.3.3 Objective data discussion 
 
Lumbar ROM 
 
Research by Travell and Simons (2011) indicates that prolonged immobility may activate 
myofascial trigger points (MFTPs) in the paraspinal muscles of the lumbar spine. An EMG 
study of the ES muscles was performed on typists who remained immobile to substantiate 
this. The results showed that those who remained immobile in their optimally relaxed 
positions showed muscular activity in 30 min or sooner. It must be noted that immobility 
resulted in muscle tension in all the participants tested. As mentioned in chapter two and 
figure 2.10, a MFTP could be formed and perpetuated by various causes such as chronic 
overuse, immobility and chronic postural stresses. MFTPs of the ES muscles may be unable 
to flex the torso more than a few degrees (Travell and Simons, 2011).  
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All three groups showed an improvement in lumbar spine ROM, clinically over the course of 
the study. The primary function of the iliocostalis lumborum muscle is to extend the vertebral 
column and the head as well as control movement via eccentric contraction when the 
vertebral column is flexed. A stretch of the muscle is created when movement opposite to 
that of the defined action and function of a muscle occurs. By inactivating the active 
iliocostalis MFTP the taut palpable band was broken down and allowed for non-painful 
stretching, namely lumbar spine flexion (Travell and Simons, 2011). Additionally, inactivation 
of these active MFTPs of the ES muscle/s permits for optimal functioning of the muscle, thus 
increasing lumbar spine extension (Travell and Simons, 2011).  
 
Although all three groups showed in increase in lumbar spine flexion, group 2 showed the 
greatest increase overall. A review conducted by Koca and Boyaci (2014) noted that 
myofascial pain characterized by MFTPs, pain, muscle tenderness and ROM can be treated 
effectively by IFC. IFC proved to be effective through several mechanisms, as discussed in 
Chapter two, including gate-control, opiate release, local pump effect, increased local 
circulation and the elimination of chemicals that stimulate pain receptors. The results 
discussed in chapter four can be compared to those of a study involving participants with 
active MFTP of the trapezius muscle. The study by Hou, Tsai, Cheng and Hong (2002) 
revealed that IFC applied to the active MFTP significantly improved MFTP pain and therefore 
increasing ROM.  
 
PPT 
A pressure algometer was used on active iliocostalis lumborum MFTPs in order to measure 
pain threshold, by eliciting the minimum pressure that caused pain in each participant. As 
shown by the results in chapter four, the increased pressure algometer readings indicate 
that both IFC and FDT proved to be effective with regards to pain relief and MFTP resolution. 
Clinical improvements were seen across all three groups at each visit.  
 
As discussed in chapter two, FDT involves stretching of paraspinal muscles and posterior 
ligamentous structures (Cox, 2011). Research done by Hong (2006) on the treatment of 
myofascial pain syndrome and active MFTP, indicates that stretching the involved muscle 
fibres (taut band) is an effective treatment protocol due to its ability to release muscle tension 
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and improve local circulation. Research and evidence suggests that there are various 
theoretical physiological mechanisms that support the analgesic effects of electrotherapy 
such as IFC. These mechanisms include activation of the ‘spinal gate control mechanism’, 
increased circulation, suppression of the descending pain columns, nerve conduction 
blockage and the placebo effect (Fuentes et al., 2010). The greatest percentage increase in 
pain pressure threshold was noted in group three (refer to chapter four). This can be 
explained by the physiologic benefits, namely improved circulation and resultant increase in 
soft tissue elasticity as discussed above.  
 
5.4 Subjective Data  
The subjective data was captured using the VAS.  
 
5.4.1 Intra-group analysis 
Data analysis was performed to compare the results within each group (see figure 4.5).  
 
The Friedman test revealed that there was a statistically significant difference over time 
within all three groups (see table 4.14): all three groups had a p-value of 0.000 (p ≤ 0.05).  
A post-hoc test, namely the Wilcoxon Signed Rank Test, was then performed for all three 
groups. This test compares the values recorded at visit 1 and visit 4, as well as values 
recorded at visit 1 and visit 7 (table 4.14).  
 
Analysis of table 4.14, showed that group 1 showed a statistically significant difference 
between the 1st and 4th visit with a p-value of 0.007 and between the 1st and 7th visit with 
a p-value of 0.006.  
 
Group 2 showed a statistically significant difference between the 1st and 4th visit with a p-
value of 0.006 and between the 1st and 7th visit with a p-value of 0.006.  
 
Group 3 also showed a statistically significant difference between the 1st and 4th visit with 
a p-value of 0.007 and between the 1st and 7th visit with a p-value of 0.004. 
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Clinically, the trend implies that there is an improvement in pain between visit 1 and 4, 
between visit 4 and 7, and overall between visit 1 and visit 7, within all three groups. This 
may be due to the therapeutic effects of FDT and high frequency IFC therapy. The significant 
trend from these results propose that further improvement in pain and statistical change is 
likely to occur for all three groups.  
 
5.4.2 Inter-group Analysis 
 
Inter-group analysis was utilised to determine if there was a difference between the three 
different treatment groups, in order to meet the aim of the research study. Therefore, to 
show an improvement in pain, the results would need to decrease over time.  
 
Table 5.4: Clinical improvement with regards to VAS Readings for groups 1, 2 and 3 
 
Group 1 Group 2  Group 3 
Decrease  
% 
increase 
Decrease  
% 
increase 
Decrease  
% 
increase 
VAS Readings 2.9 54.72 3.9 63.93 4.2 75 
 
Figure 4.5 represents the VAS readings per group over the study period: Group 1 showed a 
decrease in pain of 1.9 between visit 1 and visit 4, 1 between visit 4 and visit 7, and an overall 
decrease in pain between visit 1 and visit 7 of 2.9 (54.72%).  Group 2 showed a decrease in 
pain of 2.4 between visit 1 and visit 4, 1.5 between visit 4 and visit 7, and an overall decrease 
in pain between visit 1 and visit 7 of 3.9 (63.93%). Group 3 showed a decrease in pain of 1.8 
between visit 1 and visit 4, 2.4 between visit 4 and visit 7 and an overall decrease in pain 
between visit 1 and visit 7 of 4.2 (75%).  
 
Clinically, it is evident that group 3 showed the greatest decrease in VAS readings and 
therefore the greatest improvement in pain over the study period. Thus, the combination of 
FDT and high frequency IFC was the most effective treatment protocol in the improvement 
of pain. From the above-results, it is also evident that FDT and high frequency therapy could 
improve pain when used alone as treatment protocols, however high frequency IFC alone 
was more effective than the use of FDT for the decrease of pain.  
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The Kruskal-Wallis test revealed that the p-value at visit 1 was 0.502, at visit 4 was 0.874 
and at visit 7 the p-value was 0.198, thus indicating that no statistically significant difference 
was identified between the groups at each visit. This is important as this indicates that the 
three groups were comparable at visit 1, 4 and 7, meaning that all three groups started on a 
similar level and could therefore be directly compared to each other for this study. These 
results indicate that no significant difference was found in VAS readings between the three 
groups. Although it could be seen in figure 4.5 and table 5.4 that there was a decrease in 
VAS readings between the three groups, the change was not enough to be seen statistically 
significant and it indicates that all three groups improved at a similar rate. 
 
 
5.4.3 Subjective data discussion 
 
A statistical analysis study was performed by Tashjian, Deloach, Porucznik and Powell 
(2009) which indicated that the minimal clinical significant difference for VAS, measuring 
individual perceived pain was 1.4 out of 10. Therefore, all three groups showed a clinically 
significant difference over the study period. It is also clinically significant that all three groups 
showed percentage changes of 54.72%, 63.93% and 75% respectively, as it is suggested 
that any change greater than 14% is of statistical significance (Tashijian et al., 2009). 
 
A systematic review and meta-analysis of a total of 2,235 articles was conducted to 
determine the efficacy of IFC in the management of musculoskeletal pain. The study 
concluded that IFC used as a supplement to another intervention, such as FDT in group 3, 
proved to be more effective than the use of IFC alone, as an effective treatment protocol 
(Fuentes et al., 2010).  
 
5.5 Discussion Conclusion 
As discussed above, all three groups showed both clinical and significant statistical 
improvements over time with regards to subjective and objective data. 
 
74 
 
To conclude the discussion, all three treatment protocols have the ability to increase lumbar 
ROM and decrease pain, and therefore all three treatment protocols have the ability to 
effectively improve symptoms of chronic mechanical low back pain with associated active 
MFTPs of the iliocostalis lumborum muscle.  
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CHAPTER SIX – CONCLUSION AND RECOMMENDATIONS 
 
6.1 Introduction 
This chapter discusses the conclusions drawn from this study which are based on chapter 
five. Recommendations for related studies to be done in the future and improvements that 
could be made are also discussed.  
 
6.2  Conclusion 
The aim of this study was to determine the effectiveness of FDT compared to high frequency 
IFC therapy, as well as the combination of both protocols in the treatment of chronic 
mechanical low back pain with associated active iliocostalis lumborum trigger points.  
 
A clinical analysis of the ROM data revealed that the group receiving high frequency IFC 
showed the greatest improvement in flexion, while the group receiving the combination of 
both treatment protocols showed the greatest improvement in extension.  
 
A clinical analysis of the PPT revealed that the group receiving FDT showed the greatest 
improvement in pain overall between visit 1 and visit 7 when compared to the group receiving 
high frequency IFC and the group receiving the combination of both treatment protocols.  
 
A clinical analysis of the VAS readings revealed that the combination of both treatment 
protocols showed the greatest improvement of perceived pain overall, between visit 1 and 
visit 7, when compared to the group receiving FDT and the group receiving high frequency 
IFC.  
 
There is evidence that FDT, high frequency IFC and the combination of both treatment 
protocols all have positive effects on lumbar ROM, PPT and perceived pain. Although this 
study suggests that both FDT and high frequency IFC have positive effects, the combination 
of the two therapies showed a more significant improvement for the treatment of mechanical 
low back pain with associated MFTPs of the ES muscle, with regards to changes in ROM, 
PPT and perceived pain.  
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This study may help other chiropractors in their approach to treating chronic mechanical low 
back pain with associated active MFTPs of the ES muscles, namely the iliocostalis lumborum 
muscle, therefore providing a more effective treatment plan.  
 
6.3  Recommendations  
The recommendations to further improve this study are: 
1. A larger sample size should be used to obtain more statistically significant results 
and improve the validity of any further research wanting to be performed. 
2. The effect of FDT and high frequency IFC could be compared to other forms of 
treatment such as dry needling, stretching, foam rolling, and shockwave therapy, 
amongst others to identify how the specific muscle group, pain or ROM is affected. 
3. Members of each group could be divided according to their level of pain, to give a 
clear indication of how their individual pain improves. 
4. Modify the research specific to male or female participants to determine whether the 
efficacy of the various treatment protocols are gender-specific. 
5. Include an additional follow-up consultation one month following the last treatment 
to determine the long-term effects of each treatment protocol.  
6. Limit or decrease the inclusion criteria (specifically the age of participants) in order 
to make the research more specific.  
7. Include more variations of data collection such as completion of an Oswetry Low 
Back Pain and Disability Questionnaire to provide a greater amount of data to be 
analysed, which would make the research more specific and valid.  
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A Comparative Study of Flexion-Distraction versus Interferential Current of 
Erector Spinae active trigger points in the treatment of Chronic Mechanical 
lower back pain. 
You are invited to participate in a research study to compare the 
effectiveness of flexion-distraction vs interferential current therapy in the 
treatment of low back pain. 
 
If you are interested, come and visit me at the University of Johannesburg Chiropractic Day Clinic on 
Doornfontein Campus: Gate 7, Sherwell Road, Doornfontein. 
For more information, please contact Kaelin Seager on 0605289544 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
 
Date: _____________ 
 
Good Day 
 
My name is Kaelin Seager  I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a 
research study on the comparison between flexion-distraction and high intensity 
interferential current in the treatment of chronic lower back pain with associated trigger 
points of the erector spinae muscle. 
 
Before you decide on whether to participate, I would like to explain to you why the 
research is being done and what it will involve for you. I will go through the 
information letter with you and answer any questions you have. This should take 
about 10 to 20 minutes. The study is part of a research project being completed as a 
requirement for a Master’s Degree in Chiropractic through the University of 
Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to determine the effectiveness of flexion-distraction 
compared to high frequency Interferential Current (IFC) therapy, as well as the 
combination of both protocols in the treatment of chronic mechanical lower back pain 
with associated active erector spinae trigger (ES) points. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read 
through these. If you have any further questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to 
participate in the study. I will describe the study and go through this information sheet. If 
you agree to take part, I will then ask you to sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? As 
a participant you will be assessed for the appropriate inclusion and exclusion criteria. 
Participants meeting the inclusion and exclusion criteria will be randomly allocated into 
1 of the 3 sample groups consisting of 10 participants each - the first group will be 
treated using flexion-distraction, the second group will be treated using high frequency 
IFC and the third group will be treated using a combination of both protocols. Participant 
allocation to each group will be determined by drawing a number from a box. The box 
will contain ten pieces of paper with “1” on them, ten pieces of paper with “2” on them, 
and ten with a “3” on them, which will represent group 1, group 2 and group 3.  
Therefore, the total number of pieces of paper in the box is 30.  The number that the 
participant draws from the box will be the group that they are allocated to. Subjective 
and objective data will be collected over a three-week period, with each participant 
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 receiving 2 treatments per week during the trial period. Consultations will take 15-30 
minutes each. Subjective data collection includes rating of subjective pain using the 
pain-scale taken at the start of the trial period, after the third treatment as well as at the 
7th consultation. Objective data collection will include pressure algometer readings as 
well as Lumbar Range of Motion (LROM) readings which will be taken on the same 
three occasions mentioned above. I would like to inform you that you may not partake in 
another research study, and that you may not take any medications that will alter the 
results in this study. Some medicines may not be a problem, so if you could please 
inform me of any medication you are currently taking. 
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide 
to participate, you are free to withdraw your consent at any time without giving a reason 
and without any consequences. If you wish to withdraw your consent, you should inform 
me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR 
PAYMENT DUE TO ME: You will not be paid to participate in this study, nor bear any 
expenses. 
 
RISKS INVOLVED IN PARTICIPATION: The various treatment interventions are aimed 
at relieving chronic lower back pain and release of myofascial trigger points. Following 
treatment you may experience moderate pain or stiffness. This is a normal response 
which is temporary. After this study is complete, I will provide you feedback regarding 
the outcomes if you so wish. 
 
BENEFITS INVOLVED IN PARTICIPATION: Possible benefits of this study include a 
reduction in low back pain and improvement in range of motion which can lead to an 
increase in performance. 
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names 
on the data sheet will be removed once analysis starts. All data and back-ups thereof 
will be kept in password protected folders and/or locked away as applicable. Only I or 
my research supervisor will be authorised to use and/or disclose your anonymised 
information in connection with this research study. Any other person wishing to work 
with you anonymised information as part of the research process (e.g. an independent 
data coder) will be required to sign a confidentiality agreement before being allowed to 
do so. 
 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results 
will be written into a research report that will be a assessed. In some cases, results may 
also be published in a scientific journal. In either case, you will not be identifiable in any 
documents, reports or publications. You will be given access to the study results if you 
would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by 
me, under the guidance of my research supervisor at the Department of Chiropractic in 
the University of Johannesburg. The study will be funded by the bursary provided by the 
University of Johannesburg. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was 
allowed to start, it was reviewed in order to protect your interests. This review was done 
first by the Department of Chiropractic, and then secondly by the Faculty of Health 
 Sciences Research Ethics Committee at the University of Johannesburg. In both cases, 
the study was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should 
contact me at any time if you feel you have any concerns about being a part of this 
study. My contact details are:  
 
Kaelin Seager 
0605289544 
201435490@student.uj.ac.za 
 
You may also contact my research supervisor: 
Dr. M. Moodley 
mmoodley@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study 
have not been dealt with adequately, you may contact the Chairperson of the Faculty of 
Health Sciences Research Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, 
concerns or complaints about this research study, its procedures, risks and benefits, 
you should communicate with me using any of the contact details given above. 
 
 
Researcher: 
 
Kaelin Seager 
 
 
 
  
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
A Comparative Study of Flexion-Distraction versus Interferential 
Current of Erector Spinae active trigger points in the treatment of 
Chronic Mechanical lower back pain. 
 
Please initial each box below: 
 
 
      I confirm that I have read and understand the information letter dated 
_______________ for the above study. I have had the opportunity to consider the 
information, ask questions and have had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw 
from this study at any time without giving any reason and without any consequences to 
me. 
 
 
      I agree to take part in the above study. 
 
 
 
 
 
___________________      ____________________      ______________ 
Name of Participant    Signature of Participant     Date 
 
 
 
___________________    _____________________         ____________ 
Name of Researcher             Signature of Researcher    Date 
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IFC (Martin and Palmer, 2002; Low and Reed, 2000) 
• Acute inflammation 
• Fever 
• Tumour/cancer 
• Thrombosis 
• infection 
• Open wounds or skin lesions 
• Loss of sensation 
• Marked aversion to this therapy 
• Persons wearing a cardiac pacemaker  
• Over abdomen during pregnancy 
• Over chest wall in patients with cardiac problems 
 
Lumbar Spine Flexion-Distraction (Cox, 2011)   
• Neoplasm (primary/secondary) 
• Metastatic disease 
• Diabetes 
• Arthritides 
• Vascular disease 
• Systemic diseases 
• Progressive neurologic signs indicative of significant nerve root 
irritation 
• Infection 
• Acute strain/sprain 
• Claustrophobia 
• Aortic aneurysm 
• Cauda equina syndrome 
• Osteoporosis 
• Fracture 
• Dislocation 
Appendix D: Contra-indications 
  
 
 
      CASE HISTORY  
 
Date:    ________________________________   
Patient   ________________________________    File No. :  _______________________ 
Occupation:  ________________________________    Age:  __________  Sex: ________   
Student:   ________________________________    Signature: ______________________ 
 
FOR CLINICIAN USE ONLY:  
  
Initial visit clinician: _______________________    Signature: __________________________________  
  
Case History:  
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________      
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________  
_____________________________________________________________________________________ 
 
 
Examination:         
 Previous:    UJ         Current:   UJ  
 Other Other 
X-ray Studies:                
 Previous:   UJ         Current:    UJ  
  Other Other  
Clinical Path. Lab:              
 Previous:    UJ         Current:    UJ  
  Other Other  
Case status:     
 PTT:     Conditional:     Signed off:     Final sign out:  
  
Recommendations: 
 
 
  
  
UNIVERSITY OF JOHANNESBURG 
CHIROPRACTIC DAY CLINIC 
  
Appendix E: Case History 
 Students case history:  
  
1. Source of History: _________________________________________  
  
2. Chief Complaint in patients own words:  
  
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
  
  
 
  
  
5.  ANY OTHER COMPLAINTS  
  
_____________________________________________________________________________________ 
  
_____________________________________________________________________________________ 
  
  
   
  
  
  
 
   CHIROPRACTIC DAY CLINIC 
  
                                                     PHYSICAL EXAMINATION  
  
Underline abnormal findings in RED       Date:        ________________________________  
Patient:________________________________    File No:    ________________________________  
Clinician:________________________________  Signature:________________________________  
Student:  _______________________________    Signature: _______________________________  
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Appendix F: Physical Examination 
  
    
   
  
  
CHIROPRACTIC DAY CLINIC  
REGIONAL EXAMINATION  
LUMBAR SPINE  
Date:    ___________________________    
Patient:  ___________________________   File No: ___________________  
Clinician:   ___________________________    Signature: _________________  
Student:   ___________________________    Signature: _________________  
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Appendix G: Lumbar Regional Examination 
  
  
 
 
  
 
VISUAL ANALOGUE SCALE 
Visit Number:  
Name: File Number: Date 
 
Instructions: 
• Tick the appropriate block that best represents your pain at this point 
in time.  
• On the scale of 0 to 10. Zero represents “no pain”, five represents 
“moderate pain” and ten represents “worst possible pain”.  
 
0___________________________________________________10 
Inclinometer Readings: 
 Range of Motion (Degrees) 
Reading Flexion Extension 
1   
2   
3   
Mean   
 
Algometer Readings 
 𝑘𝑔/𝑐𝑚2 
Reading 1  
Reading 2  
Reading 3  
Mean  
Appendix H: Data Capturing Form 
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CHIROPRACTIC DAY CLINIC 
SOAP NOTE 
  
   
Patient:  Visit Number:   
File Number:  Student:  
Date:  Clinician:  
S:  
  
  
  
  
  
  
O:   
A: Differential Diagnosis / ICD-10 Code  
  
  
  
  
  
  
P: Procedure Codes  
Home Advice:  
  
  
  
  
  
Comments:  
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